Youember 1952 


NOW READY oe 
IN A NEW 2ND EDITIQNinwersiry oF 


ORGANIC CHEMISTRY 


The Chemistry of: the Compounds of Carbon 


J DESHA 


Professor A and\Lee University 


The aim of this new paw «A edition is to otide the student ak ——ae of scientific 

principles through the of. specific compounds which. then 

This book is writtexl asa: text foie a one-year course in at the edllege level. Designed 

primarily for those students. who will not take a further Course in’ the subject,. it, provides adequate 

preparation foy ‘those requiring & backgropnd knowledge of organic chemistry in other fields, such 

as medicine/ and a sourid foundation-for chemistry majors. The second ‘edition has been almost 

entirely rewritten (1) because the-anddern theoretical principles have- nOW been developed to the 
point whete'they, aré capablé of Serving as useful aids to the undergraduate student, and (2) because 

of the many that have take in organic Chemisty 16 


The parallel treatment of aliphatic and aromatic compounds—in which the 1936 of Organic 
y “Chemistry was a-pioneer—has been cOntinued in the second edition. This treatment tg even more” 
justified in 1952, when.the aliphatic hydtGcarbons of petroleum have become the major-sources 
of toluene and the xylenes-and@ benzéneé-sdurce competitive with coal. Treatment throughout the 
text is not superficial but, in fecognition ofthe confusion among students beginning the subject, 
new concepts and terminology are introduced 4 as gradually as possible and are explained in enough 
detail to give them meaning. 


hemicshl® 595 pages, $6.50 | Send for a copy on approval 
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BOOK COMPANY, Inc. 


330 West 42nd Street New York 36, New York 
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PETROLEUM CHEMISTS have many uses for 


time-saving Baker Analyzed REAGENTS 


— high 


For every product manufactured in the huge petroleum 
industry, chemists must make constant tests for quality and 
uniformity. For accuracy, and to save valuable testing time, 
leading petroleum chemists prefer ‘Baker Analyzed’ Re- 
agents, with the actual lot analysis on the label. 


Pictured above is ‘Baker Analyzed’ Potassium Hydroxide— 
in convenient pellet form. Note it is low in Chloride, Car- 
bonate, Sulfate, Heavy Metals and Iron. Note, too, the 
purity is defined to the decimal. 


Listed are other ‘Baker Analyzed’ Reagents helpful to petro- 
leum chemists. Whether you are determining Neutralization 
Values, Aniline Points, Bromine Numbers, Water and Sedi- 
ment Content and Tetraethyl-lead, or making other deter- 
minations important in the field of petroleum, you'll find 
the proper ‘Baker Analyzed’ Reagent to help you speed-up 
your particular job. 


in purity 


Ask your laboratory supply house for ‘Baker Analyzed 
Reagents. You'll get highest purity Reagents and quick, 


efficient service. 


J. T. Baker Chemical Co. 
Executive Offices and Plant, Phillipsburg, N. J. 


Other ‘Baker Analyzed’ Reagents 
Valuable to Petroleum Chemists: 


Acetic Acid 
Aniline 

Benzene 
Iso-Propyl Alcohol 


Potassium Biphthalate 
Potassium lodide 
Silver Nitrate 

Sodium Thiosulfate 


Baker Chemicals 


REAGENT 


FINE INDUSTRIAL 
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A.H.T. CO. SPECIFICATION 


KOFLER MICRO HOT STAGE 


For determining corrected micro melting points and for general 
microchemical procedures on the microscope stage 


| 
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6886-A. 
KOFLER MICRO HOT STAGE (Micro Melting Point Apparatus), A.H.T. Co. Specification, elec- 


trically heated and with stage calibrated thermometers. 


For determining corrected micro melting points 


by means of a microscope with samples as small as a single crystal, permitting continuous observation of 


changes in the sample before, during and after melting. 


Useful also for general micro-preparative work, sublima- 
tions, measurements of refractive indices at elevated tem- 
peratures, fusions, heating under controlled conditions, 
etc., and physicochemical studies. See Ludwig Kofler, 
Mikrochemie, Vol. XV (1934), p. 242; and L. Kofler and 
A. Kofler, ‘““Mikro-Methoden zur organischer 
Stoffe und Stoffgemische”’ (Innsbruck, 1948). 

For temperatures up to 350°C, with an accuracy of 
+0.5°C in the range to 200°C and of +1.0°C in higher 
range. Can be used with transmitted, reflected or polarized 
_ light on any compound microscope providing magnifica- 
* tions from 50 to 100X with objective working distance of 
6mm or more, preferably with a metal stage. 

The apparatus consists essentially of an insulated, 
chromium plated metal stage, 90 mm diameter X 20 mm 


6886-A. Micro Hot Stage, 
brated thermometers 


high, heated by an embedded Nichrome unit, and with a 
central light well fitted with a condensing lens system. 
A threaded post takes either a fork for the micro slide or 
various sublimation blocks. A variable transformer, with 
stop to limit output to approximately 80 volts and dial 
usable only over range from 0 to 80 in single divisions, 
permits exact reproduction of settings. 

The two thermometers, ranges +30 to 230°C and +60 
to 350°C, respectively, have been calibrated on the indi- 
vidual Hot Stage with which they are to be used. A set 
of eight stable test reagents is included with each outfit. 
They are convenient, not only in acquainting the user 
with manipulation of the instrument, but also for the 
preparation of a calibration chart for the transformer 
settings. 


Kofler, as above described, complete assembly as shown in illustration, i.e. Hot Stage A with glass cover, two cali- 
M, cooling block H, Fischer sublimation blocks Ja and Jb, em lass baffle D, three sublimation dishes K, 
Dernbach vacuum sublimation chamber E, fork lifter L, twenty-four micro slides se 

but without microscope; in case, with detailed directions for use. 


Kofler- 
t of test reagents T, and variable transformer 
For 115 volts, 50 or 60 cycles, single phase a.c. only....... 236.00 


6887-A. Ditto, Hot Stage A, only, with two calibrated thermometers M, cooling block H, glass baffle D and variable transformer, but without 
164.50 


CERTIFIED REFRACTIVE INDEX POWDERS, Kofier. 


A set of glass powders and minerals of accurately determined average refractive 


index, in intervals of approximately 0.01, for the determination of the refractive indices of fusions of inorganic or organic substances, or of liquids, 


in the range of 1.3400 to 1.6877, incl. 


For example, fusions prepared on the Kofler Hot Stage are tested by the well-known “Becke-Line”’ method. 


8606. Certified Refractive Index Powders, Kofler, as above described, range 1.3400 to 1.6877, set of twenty-four powders, each in con, ate 
containing sufficient powder for 200 tests, complete in wooden case with red glass filter and ‘detailed directions for use............ 


More detailed information sent upon request. 


ARTHUR H. THOMAS COMPANY 


LABORATORY APPARATUS AND REAGENTS 


WEST WASHINGTON SQUARE 
PHILADELPHIA 5, PA. 


Teletype Services: Western Union WUX and Bell System PH-72 
Telephones: Philadelphia, MArket 7-5600—New York (private line) REctor 2-5035— Washington, JUniper 7-5867—Baltimore, Enterprise 5600 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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Announcing 


KINETICS and MECHANISM: A Study of HOMOGENEOUS 
CHEMICAL REACTIONS 


By ARTHUR A. FROST and RALPH G. PEARSON, both at Northwestern University. 
Ready in January 

This is the only book combining the kinetics and mechanism approach. It differs from 
other treatments of chemical kinetics in emphasizing the complexities of chemical reaction 
and the relation of kinetics to mechanism, particularly the mechanism of organic reaction. 
The authors place emphasis upon physical principles, with theories such as the collision 
theory and the transition state theory used to give a thorough understanding. 

Profusely illustrated with examples of kinetics used to Tonteiine mechanisms of chemical 
reactions, it provides a complete set of problems at the end of each chapter. The detailed 
seilinananical soudieen of complex reactions is unusually complete, as is the treatment of 
flow methods. A great deal Z rather detailed stereochemical discussions of the reaction 
steps are included in this, a complete kinetics text with fractional examples of mechanisms 
ys ah from kinetics data. 1953 Approx. 342 pages Prob. $6.00 


APPLIED INORGANIC ANALYSIS, Second Edition 


With Special Reference to the Analysis of Metals, Minerals, and Rocks. 


By the late Dr. W. F. HILLEBRAND, the late Dr. G. E. F. LUNDELL. H. A. 
BRIGHT, M.S. and Dr. J. I. HOFFMAN, all with the National Bureau of Standards. 


Expanded and brought up to date, the aim of this Second Edition remains the same as 
that of its well-known predecessor: to describe methods of separation and determination 
that have proved of value. Much new material has been added, and many chapters signifi- 
cantly revised. Some, such as the chapters on columbium, tantalum, tin, rhenium, and 
the mgt metals have been entirely rewritten (the last by Dr. Raleigh Gilchrist). Most 
of the methods described were developed and actually carried out by the authors or their 
immediate associates. This volume also previews subjects that cannot be adequately covered 
in a text that is confined to one volume—subjects such as Chromatography, Flame Photom- 
etry, Polarography, etc. Ready in December Approx. 997 pages Prob. $15.50 


ORGANIC SYNTHESES, VOLUME 32 


Editor-in-Chief, RICHARD T. ARNOLD. 

Continuing the well-known annual series, Volume 32 presents several examples of organic 
reaction types not found in earlier volumes (as the use of ion exchange resins). Forty-two 
preparations are included in this latest volume of the series. 1952 119 pages $3.50 


AN INTRODUCTION TO THE CHEMISTRY OF THE HYDRIDES 


By DALLAS T. HURD, General Electric Research Laboratories. 


Here is presented the first comprehensive, critical description of hydrides and related 
compounds of hydrogen. In this new book the author reveals some exciting new industrial 
and research possibilities; hydride compounds that were laboratory curiosities a few years 
ago that are now being produced industrially on a large scale. It includes complete informa- 
tion on their preparation, properties, reactions, applications, toxicology, and handling tech- 
miques. 1952 231 pages $5.50 


ION EXCHANGERS IN ANALYTICAL CHEMISTRY 


By OLOF SAMUELSON, Chalmers Tekniska Hogskola, Goteborg, Sweden. 


This is the first book devoted exclusively to analytical applications of the new synthetic 
ion exchangers. Both procedural details and explanatory theory are included. In it you 
will find rapid and simple methods to: produce more reliable analytical results; find new 
methods for analyzing technical products and substances; purify and remove analytical 
reagents; and use solid adsorbents in the application of ion exchangers for analytical separa- 
tions. Much of the information presented is herein made available for the first time in 
English. 1952 In Press 


Send for on-approval copies. 


JOHN WILEY & SONS, Inc., 440 4th Ave., New York 16, N. Y. 
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Both Qualitative and Quantitative 
Analyses of 53 Elements 
Using Four New Spectranal Methods 


The four standard quantitative methods of elemental analyses, used by conventional spectro. 
graphic techniques, have now been applied to the Spectranal to enable rapid qualitative and quantitative] 
analyses to be made by this new simple visual spectroscopic method. No accessories are required. 


FEATURES 


ANALYSES 53 ELEMENTS 


Aluminum Cobalt Palladium Iridium Strontium 
Antimony Columbium Platinum Iron Thallium 
Arsenic Copper Potassium Lanthanum Tin 
Barium Erbium Rhodium Lead Titanium 
Beryllium Europium Rubidium Lithium Tungsten 
Bismuth Gallium Scandium Lutecium Vanadium 
Cadmium Germanium Selenium Magnesium Ytterbium 
Calcium Gold Silicon Manganese Yttrium 
Cerium Hafnium Silver Mercury Zinc 
Cesium Hydrogen Sodium Molybdenum Zirconium 
Chromium Nickel Indium 


RAPID ANALYSIS 
Only a few minutes are required for analysis of the above 
elements in either simple or complex mixtures. 

MACRO or MICROANALYSIS 
Requires only a few milligrams of sample for the complete 
analysis. 

HIGH SENSITIVITY 


The average limit of detection for the above elements is 
0.07% concentration. However, some elements may be 
detected in concentrations as low as 0.0005%. Traces of 
elements are concentrated for analysis. 


POSITIVE ANALYSIS 


Absolute identity of the elements without the interferences 
frequently present in time consuming chemical methods. 


SAMPLE NOT DESTROYED 
Sample is 100% recovered after analysis. 


VISUAL ANALYSIS 


Eliminates need for expensive photographic equipment and 
other accessories required for spectrographic methods. 


ANALYZES ALL TYPES OF SAMPLES 


Metallic elements in any type of sample material, regard- 
less of its composition or physical state, may be readily analyzed. 
Samples may be alloys, biological materials, pharmaceuticals, 
ores, minerals, foods, inorganic and metallo-organic chemicals, 
soils, water, drugs, etc., either as solutions or solids. Simple 
procedures are given in the operating instructions for preparing 
any type of sample material for analysis. 


WIDE ACCEPTANCE 


Several hundred industrial, institutional, and governmental 
research and control laboratories are now using the Spectranal 
method for routine analyses. 


TODD SPECTRANAL 


U. S. PATENTS 
PENDING 
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A description, evaluation, and application of four 
quantitative methods to typical sample materials 
has been reported in detail in the article, ““Quantita- 
tive Analysis With The Spectranal,” by K. E. Kress 
in the Journal of Applied Spectroscopy, pages 19 to 
25, Vol. 6, No. 4, 1952, published by the Society for 
Applied Spectroscopy. 


Write NOW for above reprint 
and for Bulletin 140 


S/ 


TODD SCIENTIFIC CO. 


SPRINGFIELD, PA. 
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ratus and chemicals—nearly 1500 pages of com- 
prehensive listings—for scientific men working in a 
professional capacity. 

The Sargent Centennial Anniversary Catalog is com- 
piled in familiar alphabetical order by most commonly 
used names. Subject finding words are located at the out- 
side top of each page for rapid location of items. Cross 
references are used throughout—making reference to the 
catalog’s elaborate index usually unnecessary. 

The Sargent permanent catalog number system is per- 
numbers in sequence with the alpha- 

tical listing and fully identifying each item to insure 
ease and accuracy in ordering. Completely descriptive 
titles in bold-face type distinguish alternatives and simi- 
larities between listings. 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS 
APPARATUS * CHEMICALS 


N ENCYCLOPEDIA of scientific instruments, appa- 


Accurate woodcut illustrations, printed on fine coated 
papers, assure users maximum detail. 

The 100th Anniversary catalog is bound in durable 
buckram, designed to stand hard use. 

Sargent’s periodical, “Scientific Apparatus and Meth- 
ods,” supplements the catalog, and contains information 
about new developments in laboratory instruments and 
apparatus. Both the magazine and catalog are now being 
distributed. Please let us hear from you. 


E. H. SARGENT & COMPANY, 4647 FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICH. 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 


—-—-Attach Coupon to Your Company Letterhead, Please-—— 


E. H. SARGENT & CO. 

4647 W. Foster Avenue, Chicago 30, Ill. Attn.: Catalog Department 
O\tem [1 am not now receiving your periodical, “Scientific Apparatus 
and Methods” 


Name 


Position or title. 


Department or divisi 


Firm or institution 


Mailing address is 


Town State. 


Laboratory specializes in the following field or fields. 


1954 Please mention CHEMICAL EDUCATION when writing to advertisers 
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Merck. Packaging Stresses 
Safety and Convenience 


WIDE-MOUTH, SCREW-CAP AMBERLITE BOTTLE POLYTHENE BOTTLE WITH POUR-SPOUT 
Is lower and lighter with sloping shoul- Affords reliable storage and convenient, safe 
ders to facilitate removal of contents. dispensing for Acid Hydrofluoric Merck. 


FIBER DRUM WITH PLASTIC BAG LINER — VINYLITE SAFETY-VALVE CAP 
Maintains purity of chemicals, pro- Permits safe packaging of Superoxol 
tects against moisture and, by reducing (Hydrogen Peroxide 30 per cent) by 
weight, lowers shipping charges. preventing excessive pressure build-up. 


Merck Laboratory Chemicals 


PRECISION TOOLS FOR ACCURATE ANALYSIS 


MERCK & CO., Inc. 
RAHWAY, NEW JERSGEV 
In Canada: MERCK & CO. Limited —-Montreal 


Research and Production 


for Chemical Progress 
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VACUUM 


Here’s a precision 
engineered pump specifically 
designed for use wherever 
high-speed, high-vacuum 
is a requirement ... in 
plant, laboratory or research 
process. The new Hypervac-4 is an 
unusually quiet and compact two- 


stage unit with a free air displacement 


of 41 liters per minute and a pumping 
speed at 1 micron of 0.35 liters per 


= } 
prem FOR CENCO- HYPERVAC 4 Pump! 


RATING 


second. It attains an ultimate vacuum of 0.1 
micron. The ratio of pumping speed at 


it 


1 micron to pumping speed at atmospheric 


° 
TT 


pressure approaches 51%. Embodied in this 


highly efficient pump are many of the 
important features which have been 


SPEED OF PUMP - LITERS PER SEC. 


° 
= 


responsible for the widespread acceptance of 05 | 


the entire family of Hypervac vacuum pumps. 


Its small size, high capacity, low ultimate 


vacuum and quiet operation make the - 


Hypervac-4 ideal for use with oil 


diffusion pumps. 


> 
CIRCULAR 


CENTRAL SCIENTIFIC COMPANY 
1700 IRVING PARK ROAD © CHICAGO 13, ILLINOIS 
CHICAGO NEWARK BOSTON WASHINGTON DETROIT SAN FRANCISCO 
SANTA CLARA LOS ANGELES TORONTO MONTREAL VANCOUVER OTTAWA 


CENTRAL SCIENTIFIC COMPANY 
1708 Irving Park Road, Chicago 13, Illinois 


Please send me your circular No. 1209 containing 


~~ full details about the new Cenco Hypervac-4 


Pump. 

Name Dept 

Street 

City State. 
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“It’s the ‘Work-Horse’ 

of our laboratory. We Th e 
have a number of 
analytical instru- 
ments, but it is the 
Model 14 that really 
carries our load. 
working all day, 
every day and it turns 


out more and better # Our me 
d is the 
work than any other de 


instrument we have.”* E-3 has a 


The Coleman Universal has always been known asa__ tory; long-path cells for trace determinations; fluor- 
“Working Instrument” for it performs routine spectro- escence attachments for vitamins or other fluorophors; 
photometric measurements faster and easier than any micro accessories for small sample quantities; an *See articl 
other instrument made. Yet it has the flexibility to adapter for nephelometry; and measuring circuits of a 
meet the special problems that arise in every labora- precision not exceeded by any instrument of its kind. 


Here’s why the COLEMAN is so convenient oars 
Curre 
The diffraction grating creates a true undistorted spectrum, unlike prisms = 

Use ota Relay Type 
ss whose spectrums app cond d in the short wavelengths, much wider ‘Bl [Control Vo 
diffraction grating in the longer ones. [ Controt Cur 
Max. Contr 
lead Lengt 
The true spectrum used in the Universal, makes possible a fixed slit. The [aie Gong 
Allows using bandpass is 35 mw and it is constant at all wavelengths. Only Coleman Dimensions 

Weight 

a fixed bandpass Spectrophotometers fully select color with a single dial, and without sec a 
ondary adjustment of the slit. nen A 
mally“on”’ 
For easier operation The Coleman's fixed Band-pass allows valid use of calibration curves, elimi- Cotalogve N 
and full nates need for continual preparation and use of concurrent standards; insures 

mrt reproducibility, simplifies and speeds instrument operations. No vacuum tubes 
reproducibility and no mechanical linkages means lower maintenance, greater reliability. 

*Name on request. 624873 

624874 

For complete details write to: 624875 
Coleman Instruments, Dept.B, All three ty 
318 Madison St., Maywood, Ill. ---- Ask for Bulletin B-212 at addition 
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The Finest ELECTRONIC RELAYS now available 
for the Laboratory 


... three models will meet every requirement of the 
laboratory as far as price and performance. 


@ Our model E-3 is by far the finest electronic relay available on the market 
and is the only one with D.C. control, which eliminates pickup and.-capac- 
itive effects permitting the use of unlimited length of leads. In addition the 
E-3 has an isolating transformer which permits full freedom in grounding 
either side of the line or control circuit. It represents the finest and latest’ 
development in electronic engineering *and will provide positive, trouble- 
free control under all laboratory conditions. ‘ 


e To meet the needs of those who do not require the ultimate in electronic 
relays and who must economize on cost, the Emil Greiner Co. has made 
available two simplified models which will be serviceable and dependable 
under most laboratory conditions and will meet most requirements, Like 
the E-3, the two other models E-1 and E-2, provide completely sealed con- 
tacts and means for easily changing from normally on to normally off oper- 
ation. The E-2 has a sealed mercury switch relay in a metal tube $imilar 
to that of the E-3, and the E-1 employs a sealed microswitch of lower load 


capacity but gives just as dependable service at considerable reduction in cost. 


e All units are carefully engineered for mechanical ruggedness ahd con- 
venience of installation and operation. Standard size knockouts provide 


entry for B-X cables, and convenient screw terminal boards make electrical 


connections easy. 


*See article by David L. Shapiro in Radio Electronic Engineering, June 1948. 


Model No. E-1 E-2 E-3 

load Current 10 amp. 115 V. A.C.-D.C. | 30 amp. 115 V. A.C. 30 amp. 115 V. A.C. 
Relay Type Microswitch Mercury to Mercury Mercury to Mercury 
Control Voltage |35 V. A.C. 6.3 V. A.C. 16 V. D.C. 

Control Current |15 Microamp 6 Microamp 3 Microamp 

Max. Control 25 feet (cable of 40 feet (cable of ae 

lead Length 30 30 

Tube Complement{One 3516 One 2021 
Dimensions x x x 7°W x x x 5%,"D 
Weight 4. Ibs. 6 Ibs. 7 \bs. 

Mounting Key holes in back Key holes in Key holes in 

Provision of case flanges flanges 

Provision f . i 

Jumpers 
Catalogue No. G24873 G24874 G24875 
Price $35.00 $45.00 $62.50 


E.G.Co. Electronic Relay Model ea. 35.00 
624874 E.G.Co. Electronic Relay Model 45.00 
G24875 E.G.Co. Electronic Relay Model ea. 62.50 


All three types can be supplied on special order to operate at 230 V. or 25 cyles 
at additional charge. 


Write for complete descriptive bulletin. 


MODEL E-3 
G 24875 


MODEL E-2 
G 24874 


MODEL E-1 
G 24873 


Me, GREINER Cb. 


20-26 N. MOORE \ Gee } NEw 3, N.Y 
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Photo Courtesy— Rutgers University wy 


In America’s Leading Laboratories* the 


| New Christian Becker Balances prove to ba: 
ONLY IN A CHRISTIAN BECKER 


WILL YOU FIND THESE FEATURES ; i : wit 
Speed. Oo tion —N. desi ick- con 


rider lifter, immediately accessible control the 
knobs speed operation. 


Less Eye Strain —Tapered case design im- * 

proves lighting, focuses light ane reading Shown above is Christian Becker’s Balance 

area, beam and index. ite matte inside * e 

finish diffuses light, Model AB-2 in use at the College of Agriculture, Vel 
Quicker Readings—Larger, easy to see nu- Rutgers University, New Brunswick, N. J. The 
merals on scientifically positioned, constant- tair 
eye-level dial and vernier. All adjustments salt 


made from outside of case. oou 
Greater Working Access —Entire front of plet 
balance opens. Full working area instantly 

accessible. No cramping of 2 Db tion 
hands while weighing. by’ 


Prolonged Sensitivity — 
Division of 


Less knife edge dulling, 
THE TORSION BALANCE COMPAN 


beam arrest arms and beam 
pivot on a common axis — 
no sliding of knife edge on 
bearing surface. 


“Beckerloy’ Weights Che 
Main Office and Factory: Clifton, New Jersey *Sales Offices: Chicago * San Franei 
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‘CHELATION — THE NEW CHEMISTRY 


‘\‘he Versenes and the new Chemistry of Chelation 
throw down the gauntlet of challenge. These new 
“tools’”’ of research open to conquest vast new areas 
of chemistry that previously defied penetration. With 
them it is now both possible and practical for you to 
inactivate cations by forming powerful ring structures 
‘within the molecule and making the metallic ions be- 
come part of the rings. So firmly do the metallic ions 
become attached to these structures that they lose 
their chemical or ionic identity and are no longer reac- 
tive to other materials. 


VERSENES* — POWERFUL CHELATING AGENTS 


The ‘‘Versenes”’ are the registered trade names of cer- 
tain synthetically prepared polyamino acids and their 
salts. They have the ability to form soluble non-ionic 
compounds with polyvalent metallic ions — com- 
pletely changing the properties of these ions in solu- 
tion. Metallic ions that have been chelated (complexed) 
by Versene can no longer be precipitated from solution 
by common precipitating agents. Exceptionally stable 


at all temperatures and throughout the pH range, 
they are the most powerful Chelating Agents known. 
We offer them to you as exciting new “tools” of 
research. 


VERSENE* — SOLVES OLD PROBLEMS 


The new Chemistry of Chelation and the Versenes are 
making giant strides toward the solution of age-old 
problems. With them you can remove radioactive con- 
taminants, complex iron in any caustic solution, help 
separate metals from each other, completely and per- 
manently soften hardest water without precipitation, 
inactivate common metals, control reactions catalyzed 
by metallic ions, stabilize drugs, food and pharma- 
ceuticals, control enzymes. 


VERSENE* AND YOUR PROBLEM 


When you have a serious chemical problem which one 
or more of the Versenes can help solve, call on us. We 
will help with samples, data or competent counsel. 
There is no obligation. Write Dept. L for Technical 
Bulletin #2 and sample. 


*Trade Mark Registered 


BERSWORTH CHEMICAL CO. 


FRAMINGHAM, MASSACHUSETTS 
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Adventurers 
in Research.. 


Dr. J. A. Hutcheson 


SCIENTIST-ENGINEER 


Director of the Westinghouse Research Labora- 
tories. After graduation from the University of 

; North Dakota in 1926, he came directly to the 
Westinghouse graduate student training course. In 
1940 he was named Manager of the Radio Engi- 
neering Department, three years later Associate 
Director of the Research Laboratories, and in 1949 
was appointed to the Director’s post. In 1950 he 
became Vice-President. 


In a conversation with Dr. J. A. Hutcheson about 
research, you will hear him express his guiding philoso- 
phy, “The more we know about a subject, the more 
intelligently we can deal with it”. This philosophy 
probably explains why he is head of one of the world’s 
largest industrial research laboratories—a position 
reached via engineering instead of test tubes. 

Dr. Hutcheson’s career was launched in radio engi- 
neering in the design of radio telephone and broadcast 
transmitters. He developed radio, radar and other 
electronic equipment that played a vital part in the 
successful completion of World War II. 

Both during and after the war, Dr. Hutcheson was in 
intimate contact with the nuclear research program. He 
was one of the civilian observers at the postwar atomic 
tests at Bikini. 

Dr. Hutcheson’s outstanding ability to guide the 
work of others, in addition to his brilliant engineering 
and research record, made him ideally suited for 
the job of directing a large research institution. One 
might think that with a backgrovad predominantly 
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engineering, he would emphasize applied rather thar 
fundamental research. Such has not been the case [ | 
His years as a designer made him keenly aware o nor 
the limitations placed on the engineer by lack of funda By Carr 


mental knowledge. A clear, | 
An example illustrates this. Many devices involve the Presents | 
passage and extinction of current in gases. An enormo for the al 
questions. 


amount of research effort has been spent to improv 
switches, fuses and breakers with considerable success, 
But Dr. Hutcheson, following his premise of the value Jone 
of knowing more about a subject, decided that was nol 

enough. Without disturbing the group concerned with} By W. N 
improving existing devices, he set up another whos college st 
sole function is to study the fundamental mechanism of Atomic st 
current conduction in gases. problems 


Under the dynamic leadership of Dr. Hutchesonf JONES 
Westinghouse research is opening new horizons f 
industrial progress. This research enables Westinghoux 
and industry as a whole to deal more effectively with 
their problems. Westinghouse Electric Corporation 
Pittsburgh, Pennsylvania. 
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Chemistry Text Many Professors Agree 2B) from | 
Students Will Really Enjoy Using? a 


Introductory General Chemistry 
By John E. Cavelti, Ph.D., Head, Chemistry Department, Allegheny College. This NEW 


TEXT describes chemical principles and their applications to everyday life in easy, colorful language. 
It presents lucid, easy-to-follow discussions of scientific measurements and method—how they developed, 
how to use them. The basic concepts and descriptions of important elements and compounds are 
discussed in stimulating manner—and throughout the 26 chapters the historical background of chemistry 
is woven in a fascinating way. 50 Illustrations, 423 Pages. $4.50 


Systematic College Chemistry 


By Lytle R. Parks, Ph.D., and Warren H. Steinbach, Ph.D. This new 1952 complete chem- 
istry contains an excellent balance between fundamental principles and descriptive information on metals, 
non-metals and their inorganic compounds. Stresses valence concept, atomic structure and periodic chart, 
old and new nomenclature systems, balancing oxidation-reduction reactions, ionic equilibrium, the solu- 


bility product principle and its application. New I. U. C. Nomenclature used throughout. 
692 Pages, 126 Illustrations. $5.50 


Inorganic Semimicro Qualitative Analysis 


By Carroll Wardlaw Griffin, Ph.D., and Mary Alys Plunkett, Ph.D., both of Vassar College. 


A clear, logical, easy-to-understand presentation of the principles and techniques of qualitative analysis. 


4 Presents the theoretical background needed to understand the laboratory procedures. Complete directions 


for the analysis of unknowns are given in step-by-step form. Each chapter is concluded with a group of 
questions, problems and answers. 14 Illustrations, 21 Tables, 299 Pages. $4.75 


Jones Inorganic Chemistry —and Lab Exercises 


By W. Norton Jones, Jr., Ph.D., Colorado State College of A. and M.A. This text is for beginning 
college students and can be successfully presented to various groups with or without previous chemistry. 


g Atomic structure is presented early and the elements of Period III are given first consideration. Questions, 


problems and equations. 247 Illustrations, 56 Portraits of Outstanding Scientists, 866 Pages. $5.00 


JONES LABORATORY EXERCISES IN INORGANIC CHEMISTRY.... $2.25 
MAIL COUPON BELOW TO RECEIVE EXAMINATION COPIES QUICKLY 


575 Madison Avenue, New York 2 105 Bond Street, Toronto 2, Canada 


& Please send me the following: 
eee copies of INTRODUCTORY GENERAL CHEMISTRY, Cavelti $4.50 
eesese copies of SYSTEMATIC COLLEGE CHEMISTRY, Parks-Steinbach $5.50 


ee copies of INORGANIC CHEMISTRY, Jones $5.00 


The Blakiston ee copies of LABORATORY IN INORGANIC CHEMISTRY $2.25 C Personal Use 
’ 0 90-day Teacher’s Examination 0 Send C.O.D. 0 Charge My Account 0 Check Enclosed 


Company, Inc. School (if teaching) 


New York 22, N.Y. 


lakiston 


280080 copies of INORGANIC SEMIMICRO QUALITATIVE ANALYSIS, Griffin-Plunkett $4.75 


Jnl. Chem. Ed. 11-52 
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Comber, 
Jones & 
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Carter & 
Thompson 


Turner & 
Harris 


Findlay 


Partington 


Longmans, Green aud Tne. 


55 FIFTH AVENUE 


GENERAL AND INORGANIC CHEMISTRY 


By P. J. Durrant, Cambridge University. Second Edition, revised and reset; 
new chapters on Colloids and on Nuclear Chemistry; several chapters rewritten. 
For the first course. Ready, Nov. 688 pp. Figures and tables. $4.25 


INTRODUCTION TO AGRICULTURAL CHEMISTRY 


By N. M. Comber, H. T. Jones, and J. S. Willcox, all of the University of 
Leeds. Second Edition. For beginners, covering soils, fertilizezs and animal 
nutrition. Ready, Dec. 325 pp. 24 figs. 27 tables. About $2.25 


BIOCHEMISTRY in Relation to Medicine 


By C. W. Carter, Oxford University, and R. H. S. Thompson, Guys Hospital. 
Second Edition, expanded and extensively revised. The science of Biochemistry 
and its applications to Clinical Medicine. Ready, Nov. 544pp. Illus. $6.00 


ORGANIC CHEMISTRY 


By E. E. Turner and M. M. Harris, both of the University of London. De- 
scriptive, balanced treatment, seeking to give the reader a broad view of the 
subject. Ready, Oct. 904 pp. $10.00 


INTRODUCTION TO PHYSICAL CHEMISTRY 


By Alexander Findlay. Third Edition, completely revised and partly rewritten 
by H. W. Melville, University of Aberdeen. Ready, Jan. 596 pp. 160 figs. 
About $4.25. 


ADVANCED TREATISE ON PHYSICAL CHEMISTRY 


By J. R. Partington, University of London. In six volumes. 

Vol. I, Properties of Matter and Gases. 1949. 943 pp. $16.00. 

Vol. II, Properties of Liquids. 1951. 448 pp. $10.00. 

Vol. III, Properties of Solids. Ready, Nov. About 500 pp. About $14.00 
Vol. IV, Optics and Dielectrics. About 800 pp. In preparation. 


NEW YORK 3, N. Y. 1724 
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Ape Hamble thermometers they cost 
elchéd-stem 
The of ihe markings hes been proved by 
exposire to Vandus fiquids under tést’ ‘Soaditions more _ 
stringent: than uny | likely 10 Ge in detual use. 
wes; as-shown by the! results giver 
below 
Your Kimble supply Ags 
new thermorheters now. Order ftom him today. 


tise, ie oe. Temperature of Hours of on Filler 


Glacial Acetic Acid 100°C. 1265 None | None 

is 20.24% Hydrochloric Acid 100°C. 1265 
RESISTANT TO Nitric Acid Concentrated 100°C. 1265 

CHEMICAL ATTACK Sulphuric Acid =“ 100°C. 1265 
AS THERMOMETER Cleaning Solution 100°C. 1265 

GLASS ITSELF (H.SO ,-Dichromate) 

Aqua Regia Room Temp. (25°-30°C.) 1265 

~ Fuming Sulphuric Acid Room Temp. (25°-30°C.) 1265 

4, Toluene Boiling (111°C.) 306 

Yellow-back Narsol Boiling (165°C.) 306 
ASTM, 7 Turpentine Boiling (150°C.) 306 
Curbon Tetrachloride Boiling (77°C.) 306 
Total Imm. 5 Methyl Ethyl Ketone Boiling (80°C.) 306 
Iso-amyl Acetate Boiling (142°C.) 306 

Aniline 150°C. 306 


KIMBLE GLASS COMPANY 


Toledo 1, Ohio 


Permanent Fi ller in Kimble Th rmomet 
: 
| 
| | | 
| 
ap 
| 
| 
| 
| 
i | 
| 
y, Subsidiary of Owens-Illinois Glass Company a 
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FISTER'S MANUAL OF 
STANDARDIZED 
PROCEDURES FOR 
SPECTROPHOTOMETRIC CHEMISTRY 


Coleman Jr. (MODEL 6) 
SPECTROPHOTOMETER 


For rapid, routine analysis, control and research 
where only spectrochemistry is worked. Com- 
plete -with plastic light shield, mounting pads, 


Contains 224 


transmittance-density METHODS for 
scale, operating direc- the determin. 
tions and constant tion of 115 
voltage transformer. SUBSTANCES 


For use on 110-120 


volts, 60-cycle. A.C. in various bio- 


logical fluids. 


only. Includes 11 
CALIBRAg| (ON 
$460 TION CURVES} 
and 6 CHARTS. chaml 
339 TESTS can aoe. 
be performed 
Coleman Universal from the layer 
(MODEL 14) $30.00 
SPECTROPHOTOMETER outer 
pay for itself many times over. VEN’ 
A multi-purpose instrument for spectrochemistry air to: 
that can be adapted for photofluorometry, nephel- Steel 
ometry and spectro and electro titrations. Sup- MODEL F 
plied with top-carrier, ‘Tto 939 de 
filter, transmittance- shelves, 6-f 
density scale, mount- 00 watts 
ing pads, operating MODEL $ 
MODEL 
directions to 904 deg 
and constant 6-foot cord 
Vo l t a e watts. .... 
transformer. 
For use on 1734" x 14 
110-126 range). Ty 
volts, 60- electrical c 
cycle. A.C. MODELS 
only. on 
$635 enamel exte 
MODEL 
A.C. curre 


STANDARD SCIENTIFIC SUPPLY CORP. | 
34 West 4th Street New York 12, N. Y. 
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many other laboratory jobs. 
CONSTRUCTION—Outside housing, door and 


HEAT CONTROL—Sensitive, powerful, 


THERMO 
CONTROL 


with automatic, hydraulic 
electric thermostat. Re- 
sponse sensitivity + /2°C. 


Ermintrude 


POLISHED 
STAINLESS STEEL 


These De-Luxe ovens are the result of superb engineering, the finest of workmanship and 
materials. Designed to withstand maximum abuse, they are ideal for analytical labora- 


tory and general chemical work involving baking, drying, conditioning, pre-heating, and 


automatic 


base are made of beautiful shining No. 4 finish Stain- 
less Steel (Type 302, 18-8). The inside working 
chamber is made of No. 2 finish Stainless Steel Type 
302, 18-8). Two adjustable shelves of electro-polis = 
Stainless Steel Wire. 

INSULATION—AIll six sides with 114” 
layer of — Pa wool in s SN-4440 and 
SN-4400, and 214” layer in Models SN-4500 
and SN- 4480. Keeps heat loss at a minimum and 
outer surfaces cool even after prolonged use. 
VENTILATION—Intake ports at bottom allow fresh 
air to enter. Double exhaust ports at top, with Stainless 
Steel slides, control exhaust fumes. 


hydraulic electric thermostat conveniently mounted on 
front aliows easy setting of temperatures. Graduated 
for ogre: and Centigrade readings; response sensi- 
tivity +14° C 

HEATING ELEMENT—Heavy Nichrome V re- 
sistance wire, spread over entire base of inside chamber. 
Positive temperature uniformity assured. 


DOOR—Fully insulated, hung on a continuous hinge 
and fitted with a fool-proof latch designed to insure 
safety. Exclusive dovetail design gives positive seal. 

PILOT LIGHTS—Red neon light denotes unit 
operation, green neon light for thermostat operation. 


.| MODEL SN-4440—A most popular oven, 12” x 12” x12” inside. Temperatures 


to 232 deg. C. (100 to 450 deg. F 


. range). Two adjustable Stainless Stee 
cord and plug. 


For 110 volt, 60 cycle, single phase A. A, ouseet. 


MODEL” SN-4460—Same as SN-4440, but 110 Se $127.50 
MODEL SN-4400—New, small size—only 8 x 8” x 8” inside. Temperatures 


to 204 deg. C. Sp to 400 deg. F. range). One Suciedens Steel shelf, thermometer, 
— cord and plug. For 110 volt, 60 cycle, single phase A. C. current. 500 
MODEL SN-4420—Same as SN-4400, but 110 volts, D. C........... $85. 
MODEL SN-4480—A DeLuxe, large size, high temperature oven, 187%” 

1734" x 1434" high inside. Temperatures up to 288 deg. C. (100 to 550 deg. F. 
range). to adjustable Stainless Steel shelves, thermometer, terminal block for 
letra connections. For 110 volt, 60 cycle, single phase A. C. —, a 
MODEL SN-4490—Same as SN-4480, but for 290 volt, 60 cycle, single pow 
MQDEL SN-4500—Similar to SN-4480. Stainless Steel interior but baked 
enamel exterior, and ara coated shelves. 


MODEL SN.4510—Some as SN-4500, but for 290 volt, 60 cycle, sical ae 
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Alt Wodels FURNISHED WITH BUILT-IN TIMER SWITCH 
(1 MINUTE TO 1 HOUR) $11 additional. 


SCHAAR & COMPANY LEXINGTON 


TEMPERATURE RANGES UP 
TO 550° Fahrenheit 


Murgatroyd 


CHICAGO 7, ILLINOIS | 
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LABORATORY DRYING OVENS 


Used AROUND 
THE 
WORLD! 


U.S.A. e CANADA e MEXICO 

BRAZIL e CUBA e VENEZUELA 

PERU e PHILIPPINE ISLANDS 
INDIA SOUTH AFRICA 


Catalog No. 1078 


In educational, industrial, bacteriological and clinical laboratories throughout the world, 
will be found the sturdy, economical Boekel Drying Ovens. Wide-spread use of these 
ovens, is in itself, testimony of their adaptability and efficient service. 


With an eye toward strength and durability, the oven is built of asbestos transite with a 
welded frame of polished stainless steel. The heating chamber is 10” high x 12” wide x 
10” deep and has a temperature range from room to 180° C. A positive control within 
+ V4 C. is achieved by the use of the bimetallic thermostat. Removable heating units, rated 
at 660 watts, are located in the bottom of the working chamber. Each oven is equipped 
with a pilot light and six-foot cord and plug. 


There is a place in every laboratory, anywhere in the world, for the Boekel Drying Oven. 


Makers of Quality Surgical and Laboratory Equipment for over a Half Century 


BOEKEL PRODUCTS ARE KNOWN BY THE TRADE MARK THROUGH 


Monotacured WM. BOEKEL & CO.,, INC. 6, 
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LYTICAL REAGENT 


7381 
1 LB. 
Manny 
CHEMICAL WORKS 


MONTREAL NE 


The Mallinckrodt AR® label provides unmistakabie legibility and gives com- 
plete information: On side panels are the Maximum Limits of Impurities, molec- 
ular weight, chemical formula, caution statement, and the Mallinckrodt control 
, symbol. But the most important element on the label is the name Mallinckrodt, 
\ a0 Le for 85 years a symbol of fine chemicals. 


wy 


Maximum limits of impurities mean published, pre-determined standards— 
the analytical chemist’s guarantee of reagent quality. They are standards which 
rannot be changed to accommodate variations in quality of production. They 


insure that Mallinckrodt AR’s contain negligible quantities of impurities—unvary- 
ing from package to package and lot to lot. 


Mallinckrodt distributors, more than sixty-five of them, in every part of the 
country can make prompt delivery of your order from complete stocks. And 
standing behind them are extensive Mallinckrodt facilities for service and pro- 


oe duction, keeping them constantly stocked to supply your needs. 
A . 


CREME. 


Ma 
MALLINCKRODT CHEMICAL WORKS 


Mallinckrodt St., St. Lovis 7, Mo. + 72 Gold St., "New York 8, N.Y. 
Chicago * Cincinnati * Cleveland LosAngeles * Montreal Philadeiphia * San Francisco 


*TRADEMARK 
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Laboratory 


THERMOMETERS 


@ HIGH VISIBILITY 


@ EASIER TO READ 
@ QUALITY CONSTRUCTION 


LANCO YELLOW FLASH LABORATORY 
THERMOMETERS, because of the sharp 
contrast of black figures on a bright yellow 
background, are far easier to read with a 
greater degree of accuracy and much less 
danger of error than ordinary thermometers. 
Yellow backing excludes confusing side lights 
and distorting reflections, thus eliminating 
the chief cause of time-consuming reading 
mistakes. Tubes are 6 mm (outside diam- 
eter) and have uniform mercury bores. 


Conveniently packaged in special 3-ther- 
mometer carrier-carton for ease in handling 
and extra protection in lab storage. 


Prices—Yellow Flash 76mm 
Immersion Thermometers 


No. CE-396-91—Centigrade 


Range C ___Length_ mm Price Ea. 
—15 to 110 305 $1.80 
—15 to 150 305 1.80 

0 to 205 305 2.20 
0 to 260 381 2.70 
0 to 360 381 3.30 
0 to 405 381 3.60 


No. CE-396-98—Fahrenheit 


Range F Length mm Price Ea. 
0 to 230 305 $1.80 
0 to 330 305 1.80 
30 to 300 305 2.20 
30 to 600 381 3.30 
30 to 760 381 3.60 
Total i ion th ters in some ranges and sizes also 
available 
Discount Schedule 
Lots of| Lots of |Lots off Gross |Ranges may be 
12 24 36 Lots assorted in 
multiples of 3 
Less Less Less Less to obtain 
10% 15% 20% 25% quantity dis- 


count. 


Straight Bores Mean Less 
Chance of Error 


LANCO YELLOW FLASH STANDARD 
TAPER THERMOMETERS with 10/30 
joint are the ultimate for laboratory work. 
Because of the sharp contrast of neatly 
etched black figures on a bright yellow back- 
ground, LANCO Thermometers can be read 
with a greater degree of accuracy, quickly 
and with minimum danger of error. 


Thermometers are of three piece construc- 
tion. The 10/30 joint is made of clear 
glass tubing with no colored enamel, and 
joined to the stem of the thermometer 
at both ends. Because of this careful and 
neat construction, there is no distortion of 
the bore of the tubing along the joint and 
there is less chance of mercury being sepa- 
rated along the taper. 

LANCO precision grade thermometers are 
thoroughly annealed at bulbs and joints to 
insure permanency of range as well as to re- 
duce breakage in use. Safety chambers are 
provided in all ranges to prevent breakage 
to accidental over-heating. Thermometers 
are packaged in individual cardboard tubes. 
Order by number, range, and immersion 
depth. 

No. CE-400-89, LANCO Yellow Flash 
THERMOMETERS with 10/30 joints. 


RANGES 
to | —10 to_| —10 to| —10 to 
+110 C|+150 C/+250 C) +360C 
75MM | $5.47 | $5.66 |$ 6.08| $ 6.51 
100MM 5.87 | 6.08 | 6.51] 6.93 
125MM 6.51 | 6.93] 7.35 
150MM 6.93 | 7.14] 7.55] 7.97 
190MM 7.76 | 8.18] 8.82 
215MM 8.59 | 9.03] 9.66 
250MM 9.22 | 9.66] 10.49 
280MM 9.86 | 10.49] 11.74 


Discount Schedule 
Lots of | Lots of | Lots of 
12 24 36 
Less Less 


15% 20% 


Less 


10% 
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LABORATORY SUPPLIES - EQUIPMENT 
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automatic 
pick-up tweezer 


pressure to top of tweezer 
snd opens, up to %” 3 stainless 
steel wire fingers. Releasing pressure causes 
fingers to retract and firmly grasp any small 
object. Because tweezers withstand boiling and 
steam sterilization, they are ideally suited for holding 
serilized objects where finger handling is undesirable. 


96-601 Automatic Pick-up 


precise inside measurements with 


micrometer type glass tubing gauge 


Mai This Tubing Gauge will measure any inside circular orifice up to 5 mm. 
and because of a micrometer type vernier direct readings may be taken 
to the nearest 0.01 mm. Furnished with a metal cap to protect the 
hardened steel point, this gauge can also be used to check many measur- 
ing devices commonly used in the laboratory. 


avoid costly breakage with polyethylene . . . 


bottles and funnels 


Costly breakage and resulting loss 
of valuable solutions become a 
thing of the past with Poly- 
ethylene Bottles and Funnels. 
For durable Polyethylene—though 
only 1/s the weight of glass—is 
practically unbreakable. Odor- 
less, non-toxic and chemically in- 
ert, these bottles and funnels 
withstand strong acids, alkalis 
and alcohols and can be used 
with solutions heated up _ to 
219°F. 


36-851 POLYETHYLENE 
FUNNELS 


Top Diam. Each Per Doz. 
4” $1.25 $12.50 
7%” 1.50 15.00 


5-778 POLYETHYLENE BOTTLES 


loz. 20z. 40z. 8o0z. 160z. 320z. %% gal. 1 gal. 
$.40 45 .50 65 80 160 4.75 7.50 12.50 
3.60 3.90 4.50 6.00 7.75 16.00 47.50 75.00 125.00 


serving scientists over 50 years with— 


Specialized Glass Apparatus 


Let E. Machlett & Son furnish an estimate 
on your particular needs in glass apparatus 
precisely made to your specifications. 


2 gals. 


now you can have 
machlett auto-burettes 


8-527 Auto-Burettes made of Schellbach type tub- 
ing and ¢g 


66-181 Diamond Marking Pencil... 


Now your liquid dispensing operations are further 
expedited with the addition of Schellbach type 
tubing to famous Machlett Auto-Burettes. Embody- 
ing all of the fine features of standard Machlett Auto- 
Burettes, this new model permits easy observation 
and measurement of colorless liquids. 


glass and ceramic 
marking pencil 


diamond permanent! 


ant 


in schellbach type tubing 


duated to B 


cations. 
Reservoir 
Cap. ml. 
500 
1000 
1000 
1000 
2000 
2000 


Complete with iron tripod stand. 


of Standards’ specifi- 


Burette 
Cap. ml. Subdivisions Price 
2 0.01 $24.50 
5 0.02 25.75 
5 0.05 25.00 
10 0.05 27.00 
25 0.10 29.50 
50 0.10 31.00 


and here’s the new 


74-997 Kemflex  Eelvetigtone 7 Tubing is the answer to your labo- 
ratory tubing needs 
definitely and can be used safely with any solution. 


kemflex polyethylene tubing 


will withstand flexing almost in- 


74-997 KEMFLEX POLYETHYLENE TUBING 


Wall Less than 50 to 100 to Over 
Thickness 50Feet® 99 Feet® 999 Feet® 1000 Feet® 
1/16” $.30 $.21 $.17 $.12 
1/16” 40 16 

1/16” d 32 
1/16” 52 38 32 -26 
1/16” 65 46 40 33 


® Above prices are per foot 


All prices F.O.B., New York, N. Y. 


E. MACHLETT & SON 


ESTABLISHED iseT 
APPARATUS + SUPPLIES « CHEMICALS 
220 East 23rd Street: New Yor« 10, N.Y. 


GACHLE 


23 


: " Of ing pencil will produce a clean, clear mark on 
| ~ any glass, ceramic or other hard surface with only 
a slight degree of Its 6” hexagonal shaped 
; aluminum handle gives qualities of lightness and con- 
= - venience. i 
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MERCURY OXIFIER AND 
GOLD ADHESION FILTER 


H-22650 


PRINCIPLE OF THE OXIFIERS 


The Oxifier acts in two ways to oxidize base metals. Paddles, devel- 
oped for the work and driven by motor, (1) produce a copious spray 
and subject the resulting fine mercury droplets to repeated contact 
with air; and (2) break up oxide skins, and carry them under and 
through the mercury mass until oxidation is complete. After this 
treatment nothing oxidizable remains in the mercury. 


PRINCIPLE OF THE GOLD-ADHESION FILTERS 


Action of the Filter is not that of straining through small holes—the 
usual understanding of “filtering”’—but the principle of decanting. 
All foreign substances—the oxidized precipitates formed by the 
Oxifier, water, oil, etc.—float on mercury, leaving the central body 
clean. The filter draws from this clean central body and decants 
through a large aperture in the bottom. 


Mercury does not “wet” the sides of a container, and contaminants 
work down between mercury and sides and would flow through the 
bottom aperture, except for the gold seal. This is a ring of gold 
alloy surrounding the aperture; and since gold is wet by mercury 
the adhesion between the two elements forms a positive seal through 
which contaminants cannot pass. Exacting tests show this gold- 
adhesion principle to be completely effective; removal of impurities 
is not partial as with chamois skin, seepage through porous mem- 
bers, etc. Mercury emerges in a bright, lively stream, bone-dry and 
entirely free of acid or oil film. 


HARSHAW SCIENTIFIC 


DIVISION OF THE HARSHAW CHEMICAL CO. 
CLEVELAND 6, OHIO 


for thorough mercury cleaning 


H-22650-10 


GENERAL LABORATORY SET 


H-22650—25-lb. Oxifier—Cleans 100 Ibs. a day in 25-Ib. batches, Oxi. 
dizes dissolved base metals. Height 1712”; table space 16” x 10”; weight 
63 Ibs.; Motor 1/12 HP, 115 V, 60 Cy. A.C.; V-belt drive; switch on motor, 
All exposed parts finished in green and black enamel. Complete, ready to 
$180.00 


H-22651—Type “F" Filter—Eliminates floating impurities; water, oil 
oxide-dust; but NOT dissolved metals. Height 17”; table space 7” x 7%; 
weight 5% Ibs.; Plastic acid-resistant reservoir holds 25 Ibs.; filters in six 
minutes. Provided with shut-off valve. Cast iron frame finished in green and 
black enamel; other parts stainless steel. Each $50.00 


SMALL SET 


H-22650-10—5-ib. Oxifier—Cleans 20 Ibs. a day in 5-Ib. batches 
Oxidizes dissolved base metals. Height 7”; table space 9” x 5”; weight8 
Ibs.; Motor, direct-connected 1/70 HP, 115 V, 60 Cy. A.C., with line switd 
Cast iron frame, finished in green and black enamel. 


H-22651-10—Type "G" Filter—Eliminates floating impurities; wa 

oil, oxide-dust; but NOT dissolved metals. Height 612”; table space 3/4 
dia.; weight 1 Ib., 2 oz.; No reservoir or shut-off valve; mercury can b 
poured through at rate of 5 Ibs. in two minutes. Plastic and stainles 
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ing 
Reuised editions of time-tested texts 


TEXTBOOK OF QUANTITATIVE 
INORGANIC ANALYSIS, Third Edition 


by |. M. Kolthoff and E. B. Sandell 


While retaining the successful arrangement of the original 
editions, the authors have revised completely the material and 
presented several new developments in the field. In addition to 
providing a thorough treatment of the fundamental principles 
upon which quantitative inorganic chemistry rests, they include 
an outline of the most important classical procedures; a compre- 
hensive discussion of the apparatus, reagents, and practical 
techniques used in analysis; and an important key to the literature 
of analytical chemistry. $5.75 


Peblished in November 


yn motor. 
ready to 
180.00 
en CHEMISTRY OF FOOD AND NUTRITION, 
= Eighth Edition 
by Henry C. Sherman 
oad Dr. Sherman, recognized as a foremost authority in his field, has 
nie thoroughly revised his 7th edition and added three new chapters 
$77. - - - Folic Acid, Vitamin B,,, and the Citrovorum Factor; Trends of 
; wat Food Consumption; and Improvement of Already Normal Nutrition. 
<a All the principles of food chemistry and nutrition are included; 
stains together with the scientific facts necessary for a sound back- 
“7 ground in nutrition and its practical applications. 
; THE MACMILLAN COMPANY 
- 60 FIFTH AVENUE, NEW YORK 11, NEW YORK - 
lease mention CHEMICAL EDUCATION when writing to advertisers ; 25 
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Arranged by 
Dr. J. A. Campbell, Oberlin College, Oberlin, Ohio 


RELATIVE SIZES OF ATOMS AND IONS in the periodic table ober 


the neutral otome BGerrretized surnmary of metals and non motets: — 
on single covalent or disances The numbers 
The spheres below end to the mght of some at ths atoms show A non metal hes nightly held 


ome 


two atoms approximately the same atomic 


ATED BY Whitt SPHERES 


MOM METALLIC TLEMENTS ARE LOW IONIZATION 
MEDICATED BY QLACK SPHERES POTENTIALS 


ELEMENTS ARE 
WEDICATED BY GRAY SPHERES 


Lithographed in color on heavy white chart stockR—large 
size 42 x 58 inches—metal strip at top and 
bottom with eyelets for convenient hanging 


Techniques of X-ray and electron diffraction have made it possible to determine internuclear 
distances. This information correlated with the knowledge of chemical behavior makes possible a 
consistent tabulation of sizes of atoms and ions. This material was first presented in the Journal 
of Chemical Education, Volume 23, Page 525, November 1946, by Professor J. A. Campbell of Sever- 
ance Chemical Laboratory, Oberlin College, Oberlin, Ohio. He has tabulated these atomic and ionic 
radii pictorially in this chart. 


It is lithographed in color on heavy chart stock, 42 x 58 inches in size, with metal strips at top 
and bottom, and eyelets for hanging. IMMEDIATE SHIPMENT. No. 4844, Each, $5.00 


Ww. M. WELCH SCIENTIFIC COMPANY 
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Peruaps it is the approach of Election Day; anyway, 
something brings back to my mind and attention some 
remarks that were made by Mr. Frank W. Abrams at 
the graduation exercises at Lehigh University last 
June, and which were reported in full in The Lamp. I 
do believe that some of these remarks can be quoted 
here without their being criticized as political propa- 
ganda; at least, by the time they appear, the political 
“kettle” will have stopped boiling. 

Mr. Abrams is speaking about ‘The Individual in a 
Group Society”: 


The American people have proved that there is a direct relation 
between their accomplishments and their free political and eco- 
nomic institutions. It has been shown in this country of ours that 
freedom is the best way to assure the full release of human ener- 
gies—that the good of all is best served when each individual is 
free to fulfill himself. 

But there is more to it than that. When we let others take 
over a job we should do ourselves we hand over one of the great 
joys of living—the satisfaction of personal accomplishment. A 
person who has no urge to meet his own problems of living and feel 
at the end pride in their solution has failed to make use of the 
great privilege of having been born free. 

It strikes me that our forefathers paid us a great compliment 
when they established the United States of America. They 
founded our government on the expectation that we would be fit 
to govern ourselves. And in so doing they set up many safeguards 
to protect the individual against the tyranny of authority, in- 
cluding the tyranny of the majority. But in so doing they made 
an important assumption, which was that in exercising the 
privileges of freedom each of us would have a strong sense of re- 
sponsibility to other individuals, and to society as a whole, as the 
price of our privileges. Freedom without the continued per- 
formance of the duties that go with it cannot long be preserved. 

How well have we remembered and practiced this fundamental 
truth? If we have reason to be anxious about a dwindling con- 


cern for the individual in society, perhaps it is due as much to the 
failures of individuals as to the great impersonal forces like 
“population growth” and “science and technology.” 

The conditions which these forces have created are not in them- 
selves a threat to our freedoms. The threat isin ourselves. What 
you and I do, or don’t do, about the circumstances we face is 
what counts. ... 

Obviously, our society has need of various types of voluntary 
groups. Business corporations, labor organizations, educational 
groups, professional organizations, and al] the other forms of 
group action can accomplish some things no individual can do so 
well by himself. But we must be constantly aware that there is a 
tendency in all group action to subordinate the individual. A net 
contribution to individual freedom will be made by these groups 
only if they are administered so as to enlarge the opportunities for 
expression and action by their members. At the same time, un- 
less restraint characterizes the relationship of these voluntary 
groups among each other, the long-term result may be harmful 
both to the groups themselves and to the individuals who com- 
pose them. 

There are two basic safeguards, it seems to me: one is the “law 
of the land’’; the other is the restraints that these voluntary 
groups impose upon themselves when, like individuals, they act 
with a full sense of responsibility. Too much legal restraint or 
control by central authority of any kind leads to loss of liberty. 
The other way is a hard and demanding way, but it is the way of 
democracy. For what is democracy but the willingness of in- 
dividuals, and groups of individuals, so to conduct themselves 
that a minimum of legal restraint and central] authority is re- 
quired?... 

I cannot tell any one of you how to preserve your own in- 
dividuality in the years to come, except to repeat that it has to be 
earned through your own efforts. I may perhaps suggest that 
you examine group standards and values critically before accept- 
ingthem. You yourself must decide what to give up or not to give 
for money, position, power, or security. You must decide when to 
conform and to what extent, or when to walk the long, difficult, 
and often lonely road which the free individual sometimes must 
take. 
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Ir was been known for some time that monovalent 
aluminum compounds exist under the conditions pre- 
vailing in the electrical discharges used in exciting 
spectra, but it is only in the last decade that these 
molecules have become more than a curiosity. Re- 
cently studies have been made of their application 
to new methods for producing and refining aluminum. 
This work has resulted in a closer characterization 
of the properties of the compounds already known 
from spectra, and in the discovery of other univalent 


Li | Be 8B Cc N ° F Ne 


Mg | al | si | | s 


Ga | Ti As | Se | Br 


In Te | 
Tl 
Figure 1. Partial Periodic Table 


aluminum compounds. This paper outlines our present 
knowledge of these unusual compounds. 


DISCOVERY 


It would seem that the discovery of monovalent 
aluminum should be credited to W. Jevons (1, 2). 
In 1913 while studying the spectra of silicon tetra- 
chloride in a discharge between aluminum electrodes 
he discovered the spectrum of aluminum mono- 
chloride, and in 1924 he identified it. The same 

spectrum was observed when hydrogen chloride was 
subjected to a high voltage discharge between alu- 
minum electrodes. A discharge in aluminum tri- 
chloride was necessary to produce a strong enough band 
structure for determination. Among the workers in 
this field we may cite Mahanti (3) for his work on mono- 
bromide, Miescher (4) on monochloride, bromide and 
iodide and Rochester (5) on monofluoride. 

Much earlier chemical evidence for the existence 
of aluminum subcompounds had been obtained. In 
the period 1876 to 1897 the preparation of sub- 
fluorides, chlorides, bromides, and sulfides of aluminum 
were claimed (6). It is doubtful that the claims 
were valid. 


1 Based on a talk presented at Aluminium Laboratories 
Limited, Arvida, Que., May 24, 1951, before a group of technical 
employees from Aluminium Laboratories Limited and the 
Aluminum Company of Canada, Limited. 


* MONOVALENT ALUMINUM’ 


J. P. McGEER 
Arvida, Quebec, Canada 


Nilson and Petterson (7) heated aluminum tr- 
chloride and used the method of Victor Meyer to 
determine its vapor density. Assuming a dissociation 
into aluminum monochloride and chlorine they calcu- 
lated the following results. 


Temperature, °C. Dissociation, % 
835 3 
943 2 
1117 14 
1244 15 
1260 14 


The percentages of dissociation are too high by a factor 
of about 10° and in view of the method used it is 
doubtful that the results have any meaning. 

Definite chemical evidence for a subchloride was 
obtained in 1930 by Frommer and Polanyi (5). 
They found that when chlorine reacted with aluminum 
in the presence of copper a luminescence ascribable to 
cuprous chloride bands occurred. It was known that 
strong reducing agents, such as hydrogen atoms, pro- 
duced the emission in the following way. 


CuCl, + H = HCl + CuCl + luminescence (Reaction 1) 
They postulated that in the case of aluminum the strong 


reducing agent was aluminum dichloride. Their 
scheme can be modified to the following correct one. 


Clk + 2Al = —_ (Reaction 2) 
Ck + Cu = CuC (Reaction 3) 
AIC] + 2CuChk = ACs + 2CuCl + luminescence (Reaction 4) 


The next advance in the field may be credited to Will- 
more (9). He found that if impure aluminum or con- 
pounds containing aluminum (e. g., aluminum carbide, 
alumina, and carbon) were mixed intimately with a fluo- 
ride (such as aluminum or magnesium fluoride, or cryo- 
lite) and heated to the neighborhood of 1000°C. in 
vacuum or an inert gas stream, pure aluminum was 
produced. Willmore did not specify the mechanism 
by which this transfer occurred. It has since been 
proved, as will be shown later, that aluminum mono- 
fluoride was the agent. 


THEORETICAL APPROACHES 


Before continuing with the experimental develop- 
ments it may be well to consider this problem from 8 
more theoretical viewpoint. The chief paper of note 
in this field is that of F. Irmann (10). In the intro 
duction to his paper some qualitative arguments are 
given. Considering the periodic table, it can be seet 
that aluminum falls in the same family as gallium, 
indium, and thallium, all of which have compound 
of valence one or two (11). Further, silicon, the ele 
ment with one more electron than aluminum, commonly 
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has a valency of four, but also has well-defined com- 
pounds in which its valence is two, while phosphorus, 
the next in line, exhibits a similar phenomenon with 
valences of five and three. Aluminum, silicon, and 
phosphorus have, beyond the inert gas configuration, 
two s shell electrons each, and one, two, and three p 
shell electrons, respectively. Thus for each element 
the higher valence results from the loss of both s and p 
electrons, while the lower results from the loss of p 
electrons only. Finally the ionization potential of alu- 
minum varies as given in Table 1. 


TABLE 1 
Ionization Potentials of Aluminum 
I. P./ion 
Ion Ionization charge, kg.- 
produced Electron(s) lost — kg.- cal. 
cal. 
Alt 3p 139.5 139.5 
Alt++ 3p, 3s! 435 .6 217.8 
Alt** 3p, 3s', 3s? 657 .4 219.1 


The fairly large difference between the first and second 
ionization potentials, and the analogical arguments 
given above, tend to make the existence of monovalent 
aluminum much more credible. 
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Figure 2. Heat of Formation at 298°K. of Gaseous 


Halides 


The bulk of Irmann’s paper is concerned with the 
calculation of the heats of formation at 298°K. of the 
mono- and divalent halides of aluminum. Calculations 
were performed for both the solid and gaseous state, the 
Born-Haber cycle being the method used. Constants 
were so chosen that agreement with known values re- 
sulted. His results are shown graphically in Figures 2 
and 3. His conclusions may be summarized as follows: 


1. The order of stability for all halides is given by AlX; > 
AIX > AIX:. 

2. Solid AIX is only slightly less stable than solid AlX;, the 
degree of instability being about the same for all halides. 

3. The stability of gaseous AlX relative to gaseous AIX; de- 
creases in the order fluoride, chloride, bromide, iodide. 

4. Gaseous AIX is stable at higher temperatures. 


Irmann made no attempt to calculate values for the 
liquid state, but he considered that conclusions reached 
for solids should be valid for the liquids. 
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Several workers (12-15) have determined the equilib- 
rium constant for the reaction 


2Al + AICI; = 3AlCl (Reaction 5) 


Values have been determined experimentally and calcu- 
lated from spectroscopic and thermodynamic data. 
Agreement between experimental and _ theoretical 
figures and between various workers is reasonable. 
Gross, Campbell, Kent, and Levi give the value of 
AF” as 95,000-59.567. Russell, Martin, and Cochrane 
represented their results graphically, and Figure 4 is a 
reproduction from their paper. 


GASEOUS HALIDES 


Willmore’s patent (9) created an interest in the field, 

and further work soon resulted. It is interesting to 
note that an earlier set of patents (16, 17) granted 
to Mitterbiller and Friihwein, had not been as stimu- 
lating. These patents, granted in the early thirties, 
claimed that aluminum could be produced according to 
the following process. 
AIX; + Al,O; + C = high molecular halide 450°C. (Reaction 6) 
High molecular halide = Al + AIX; 750°C. (Reaction 7) 
Under the conditions specified the reaction is quite 
impossible, for the monohalide must be formed at the 
higher temperature, and decomposed at the lower. A 
recent Swiss patent (78) confirms this fact. Using the 
same materials as Mitterbiller employed it was found 
that reaction 6 went at 1300°C. and 30 mm. of mercury 
pressure and reversal occurred when the temperature 
was lowered. 
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R. Schulze (19) confirmed Willmore’s results and 
assumed that the gaseous carrier was aluminum mono- 
fiuoride. He also found that Willmore’s intimate mix- 
ing of the solid reactants was not necessary, but that all 
the aluminum could be extracted from a heated column 
of iron-aluminum alloy by passing gaseous fluoride 
through it. He also proposed a method of production 
for sodium metal wherein one reacted aluminum with 


sodium fluoride (see reaction 12 below). His results 

are summarized in the following reactions: 
Na;AlF, + 2Al = 3AIF + 3NaF (Reaction 8) 
MgF; + 2Al = Mg + 2AlF (Reaction 9) 
AIF; + 2Al = 3AIF (Reaction 10 
SiF, + 4Al = 4AlF + Si (Reaction 11 
NaF + Al = AIF + Na (Reaction 12 
ALC; + 2AIF; = 6AIF + 3C (Reaction13) 


Bauermeister (20) also checked Willmore’s work, but it 
remained for Klemm and Voss (2/) to prove, in 1943, 
that the lower aluminum fluoride was a true mono- 
fluoride. This they did by the reaction of aluminum 
fluoride with aluminum, and by repeatedly resubliming 
the product with more aluminum. The ratio of alu- 
minum to fluoride in the distillate rapidly approached 
1:1; using X-ray methods they could detect only alu- 
minum and aluminum trifluoride in the product. 
They concluded that the gaseous product of reaction 
was (A1F)z, and that ratios of Al:F less than 1:1 
resulted from codistillation of trifluoride. Klemm and 
his co-workers (22), using methods similar to those de- 
veloped in their work with fluoride, also proved the 
existence of monochloride, bromide, and iodide. In 
the process of their investigation these workers demon- 
strated the interesting reactions given below: 


AgX + Al 
MnX; + 2Al 
2Al + 


Ag + AIX 
Mn + 
2AlX (Reaction 16) 


(Reaction 14) 


A considerable advance in subhalide knowledge and 
art was revealed in a patent granted to Gross (23). 
Previous workers had produced subfluorides by the 
reaction of solid mixtures of aluminum-bearing ma- 
terial with relatively non-volatile salts. Unstable or 
‘volatile halides were considered undesirable since they 
would be lost from the reaction zone before a tempera- 
ture was reached at which monohalide formation 
took place. In Gross’s process the volatile halide is 
vaporized separately, and then brought into contact 
with the heated aluminum-bearing material. It was 
shown that this system utilized the halide more effici- 
ently than did the mixing of solids. Schulze (19) 
had arrived at this idea also, at approximately the same 
time and for somewhat similar reasons—. e., economy 
in use of the halide and ease in handling the aluminum 
material—but he used only fluorides. Gross’s truly 
radical departure lay in his use of other halides, chiefly 
chlorides but also bromides. By using such low- 
boiling materials as aluminum chloride and bromide he 
was able to achieve a condensation of aluminum sepa- 
rately from the salt. Chlorides or bromides, according 
to the patent, could either be condensed in a zone 


(Reaction 15) © 
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other than that used for the aluminum or recirculated 
to the reactor. This was a considerable improvement, 
since fluoride materials such as cryolite or sodiym 
fluoride condensed with the aluminum, and the latter 
had to be separated from the salt matrix by mechanical 
picking or remelting. Gross surmised that the transfer 
agent was a monohalide in each case, thus antedating 
the work of reference 22. The patent covers the use of 
fluorides, chlorides, and bromides of alkali and alkaline 
earth metal and of aluminum, for use in distilling alv- 
minum from impure metal, alloys, and compounds 
such as AlFe and aluminum carbide. Weiss (24) 
convinced field investigators that he was developing 
a similar process in Germany during the last war. 


HALIDES 


LTiquid. Between 1943 and 1945 Pedersen and 
Bauck (25) worked on a process wherein aluminum 
is separated from accompanying impurities by dis- 
solving it in a solution composed of aluminum chloride 
and the chloride of an alkali or alkaline earth metal. 
Solution was claimed to occur at 500°C., and pure 
aluminum could be precipitated from the solution at a 
temperature some 5 to 50°C. lower. In 1942 a Nor- 
wegian patent (26) was issued for the production of 
aluminum from alloys. In this it was claimed that 
while mercury alone would not dissolve aluminum 
from, say, an aluminum silicon alloy, an amalgam of 
mercury and aluminum could be produced if alv- 
minum trichloride was added to the mixture. Re- 
action temperatures were between 360 and 650°C. 
In 1949 a British patent (27) was issued in which it 
was surmised that the solubility of aluminum in fused 
halide mixtures of aluminum chloride and alkaline 
earth chlorides resulted from the formation of a sub- 
halide, e. g., AIC]. Other patents (28, 29) for methods 
similar to the above have been granted. In all cases 
the aluminum dissolves in a liquid halide-containing 
phase and presumably by subhalide formation. The 
solubility is not, however, as high as that predicted by 
Irmann’s theoretical considerations. 

Solid. Schumb and Rogers (30) have reported the 
isolation of a solid which is apparently AII. An 
electrodeless discharge in aluminum triiodide gave 4 
product which was by analysis Al,.2T. The evidence of 
various physical and chemical tests indicated a new 
compound and they concluded that it was aluminum 
monoiodide. 


OXIDES 


In 1939 a group (31) at I. G. Farben. was studying 
the distillation of aluminum. They used aluminum 
vessels and found that both aluminum and alumina 
distilled at an unexpectedly low temperature. They 
proposed reaction 17, although their results coincided 
more closely with the stoichiometry of reaction 18, the 
correct one. 


Al,O; + Al = 3Al0 
Al,O; + 4Al = 3Al,0 


(Reaction 17) 
(Reaction 18) 
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Some nine years later a further study of this reaction 
was made (32). In addition to the reaction of alu- 
minum with alumina, alumina was treated with ferro- 
silicon. The distillate from this latter system con- 
densed in two zones, in the cooler of which the distillate 
had the composition SiO and in the hotter Al.O. By 
using just the amount of silicon predicted by reaction 19 
they were able to distill all the alumina and prove 
the correctness of their proposed reaction. The work 
was done in a vacuum at 1800 to 1900°C. 


Al,0; + 2Si = 2Si0 + Al,O 


Recently a very complete study of the aluminum- 
aluminum oxide system has been made (33). The 
work constituted a study of the vapor pressure of alu- 
mina, aluminum, and mixtures of the two. To ex- 
plain the observed volatility of alumina, five possible 
ways in which the evaporation could occur were con- 
sidered. 


(Reaction 19) 


Al,O;(liq.) = Al,O3(g) (Reaction 20) 
Al,O;(liq.) = 2Al(g) + 30(g) (Reaction 21) 
Al,O;(liq.) = 2AlO(g) + O(g) (Reaction 22) 
Al,O;(liq.) = AlO.(g) + O(g) (Reaction 23) 
Al,O;(liq.) = AlO(g) + 20(g) (Reaction 24) 


Of these, equation (20) represents a mode in which the 
entropy requirement would be much greater than that 
expected, and equation 21 one in which the heat re- 
quirement is too high. One of the latter three 
equations must then be correct, and all involve sub- 
oxide compounds. 

Turning to the system alumina-aluminum, we find 
that the same three suboxide compounds could occur 
as follows: 

Al.O; + Al = 3Al0 (Reaction 17) 

2Al,0; + 2Al = 25) 

Al,O; + 4Al = 3AlL0 Reaction 18) 
In further narrowing the field, Brewer and Searcy 
reported that entropy requirements and the observed 
variations in vapor pressure with composition indicate 
that the same subcompound is not involved in both 
systems. The relative concentrations of gaseous 
oxides above a system of alumina or aluminum plus 
alumina will depend on the concentration of aluminum 
gas in equilibrium with them, and the major gaseous 
constituent above alumina alone must therefore con- 
tain aluminum in a higher state of oxidation than it 
would have in the gas above a mixture of alumina 
and aluminum. These facts give us the following 
possible pairs of oxides above the two systems. 


TABLE 2 
Possible Pairs of Aluminum Suboxides 


System Suboxide from Suboxide from 
No. Al,O; Al + Al,O; 
1 AlO Al,02 
2 AlO Al,O 
3 Al,O2 Al,O 


The authors point out, however, that the heat of 
the reaction AlO, = .2Al0 (26) 


dissociation for 
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would be greater than 140 kg.-cal., and that this is an 
unusually high value for such a bond. It is, thus, 
most probable that number 2 in Table 2 represents actu- 
ality. 

Brewer and Searcy reported that they had made a 
literature survey for other possible suboxide compounds 
of aluminum. They found some slight evidence for the 
existence of a solid suboxide near 2300°K. 


CHALCOGENIDES 


The subchalcogenides of aluminum were investigated 
by Klemm and his associates (34). In general the meth- 
od used was to prepare Al. Y; (where Y is taken to in- 
clude sulfur, selenium, and tellurium), to place a given 
amount of this trivalent aluminum compound in a 
crucible and cover it with aluminum, and then to heat 
the mixture in a vacuum. A blank was run on each 
of the components to determine its volatility. The 
composition of the distillate was determined and X-ray 
methods were applied to determine the components 
present. They were able to prove the existence of 
aluminum (I) sulfide and aluminum (I) selenide, but 
with tellurium no result was obtained since aluminum 
(III) telluride had a high vapor pressure at the reaction 


temperature. The following equations summarize 
their results. 
AlS; + 4Al = 3ALS (Reaction 27) 
AbSe; + 4Al = 3Al,Se (Reaction 28) 


Reaction 27 proceeded at 1300°C., and reversed at 
lower temperatures, while reaction 28 went at 1100 
to 1200°C. and reverted to the reactants on cooling. 

Kohlmeyer and Retzlaff (35) investigated the system 
aluminum-sulfur at temperatures up to 1600°C. 
Above 1200°C., hence in the liquid state, Al,S; reacted 
with aluminum to yield liquid AIS. The equilibrium 


ALS, + Al = 3AlS (Reaction 29) 


shown in reaction 29 resulted. Increasing temperatures 
and aluminum concentrations shifted the equi- 
librium to the right. The subsulfide was characterized 
quite closely and a phase diagram for the system alu- 
minum-sulfur was given. They found that neither the 
monosulfide nor the trisulfide were volatile at 1600°C. 
and atmospheric pressure. They commented that the 
relationship between their subsulfide and that of Klemm 
(see reaction 27) should be investigated. 


MONOVALENT IONS BY ANODIC OXIDATION 


Davidson and his co-workers (36, 37) have produced 
transient monovalent aluminum ions by electrolysis 
with aluminum anodes. The apparent valence of 
aluminum dissolved by electrolysis into an acetic 
acid solution of acetates is 2.4. This phenomenon 
has been known for some time, but these workers were 
the first to ascribe it to the formation of Al*+. In 
liquid ammonia solutions of mixed nitrate-bromide 
electrolytes initial valence numbers as low as 1.5 
were found. No monovalent aluminum could be found 
at the end of the electrolysis but nitrogen was formed 
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from the nitrate in a quantity sufficient to account 
for oxidation of the dissolved monovalent ion to the 
trivalent state. They point out that it is apparently 
not fortuitous that in electrolytes not containing the 
reducible nitrate ion the aluminum always dissolved 
from the electrode in the trivalent state. 


In summary we may say that the existence of a 
good number of monovalent aluminum compounds 
has been demonstrated. Others may well occur. For 
instance, it can be shown thermodynamically that in 
the system aluminum-hydrogen at one atmosphere 
pressure and 2400°K. the equilibrium pressure of alu- 
minum monohydride is 0.2 atmosphere. Whether 
or not many of these unusual compounds are yet un- 
discovered much work is yet to be done in character- 
izing those already known. 
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CHEMISTRY IN UNIVERSITIES 


2. Most of the important discoveries in fundamental science 
have come from the universities. This tendency has probably 
decreased in the past generation and will continue to decrease as 
the volume of research done outside universities grows. None- 
theless it is likely that many of the really new concepts in science 
will continue to come from university laboratories. One impor- 
tant reason for this is that university research workers are always 
under less pressure to apply the results of their works than are 
their colleagues in industrial and government laboratories. 

3. The universities must remain the principal place in which 
students are introduced to a research career. My wartime experi- 
ence in applied research convinced me that it is almost impossible 
for a young scientist to get a sound grounding in the basic princi- 
ples of research in an establishment that is doing applied research. 
The introduction to research methods must come in a laboratory 
where the pursuit of new knowledge is not much affected by the 
possibility of application, and where there are no research pro- 
grams or directives from the head office.—From Canadian Chemis- 
try and Proéess Industries, November, 1948. 
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CHEMISTRY 


AtoneE of the diverse branches of chemical science, 
inorganic chemistry holds the responsibility and the 
promise of integrating the myriad, miscellaneous facts 
about the properties of all the elements into a compos- 
ite whole, from which a thorough understanding of all 
of chemistry may be derived. Therefore, inorganic 
chemistry ought to be the best organized, most funda- 
mental specialization within the whole broad field of 
chemistry. At present it is not. Instead, despite 
numerous and sometimes successful efforts toward 
unification, inorganic chemistry is still too much a 
collection of incompletely assorted data. 

Probably the greatest progress toward organizing 
these data into a semblance of a unified science came 
with the recognition of the periodicity of the elements. 
The later correlation with atomic structure appeared to 
establish the periodic system as a framework for or- 
ganizing the knowledge of inorganic chemistry on a 
firm, fundamental basis. The many contributions of 
several branches of physical science toward our present 
concepts of the nature of the chemical bond have added 
greatly to the unification of inorganic chemistry. 
Nevertheless, there is still much to be accomplished. 

Teachers of inorganic chemistry should be, and are 
(1), particularly concerned with the present status of 
their science, because the competition of other special- 
izations for the humanly limited space in the minds of 
the students is becoming increasingly acute. The 
need to teach more facts in less time calls for maximum 
efficiency in learning. Maximum efficiency in learning 
calls for maximum organization and correlation of the 
facts to be learned, on the basis of fundamental princi- 
ples which promote understanding rather than mere 
memorization. The existence of the periodic table 
gives the superficial impression that such organization 
and correlation have largely been achieved. Actually, 
all serious students of inorganic chemistry must rec- 
ognize that the remarkable individuality of the sep- 
arate elements has hardly been disguised by placing 
them in an orderly arrangement on paper, and that 
many of the most ordinary chemical phenomena are 
hot yet understood. 

A familiar concept, and one of greatest potential 
value as an aid to understanding common chemical 
phenomena, is that of “electronegativity,” or “the 
power of an atom in a molecule to attract electrons to 
itself” (2). Yet this concept has until recently been 
used chiefly for qualitative description, or as a basis 
for estimating the “ionic character” of a bond. A 
theory has recently been proposed (3, 4) which permits 
a much broader application of the concept of electro- 


ELECTRONEGATIVITIES IN INORGANIC 
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negativity to interpreting many of the facts of chemistry. 
It gives a readily visualizable explanation of a possible 
cause of electronegativity, relating this property to 
differences between atoms possessing it and atoms of 
the inert elements. It suggests how the electronega- 
tivity changes in the process of chemical combination, 
and gives a means of evaluating the electronegativity 
of an atom in a molecule. It also presents a means of 
estimating the power of a group of atoms, or of an ion, 
to attract electrons. By these means it affords a basis 
for explaining in a consistent manner many facts which 
at present seem anomalous, and provides new insight 
as to the causes and consequences of chemical reactivity. 

This is the first of a short series of papers intended to 
demonstrate the application of this broadened concept 
of electronegativity toward explaining chemistry. It 
is hoped that these papers may accomplish the following 
purposes: 

(1) Direct attention to the need for a more thorough 
understanding of common chemical phenomena. 

(2) Suggest some relatively simple explanations 
which may help to achieve such an understanding. 

(3) Stimulate interest in the general problem of 
interpreting the facts of inorganic chemistry. 

The basis for broadening the electronegativity con- 
cept may be considered to be composed of two separate 
parts. The first is a new method of calculating electro- 
negativities. The second is a new method of applying 
electronegativities. In case the first part is not en- 
tirely acceptable to those who insist on complex 
mathematics as basic for any chemical theory, it is 
emphasized that the second part is quite independent of 
the first. 

Although the major purpose of these discussions is to 
show how many chemical facts can be explained con- 
sistently and logically by expanding the use of electro- 
negativities, it is desirable first to describe and justify 
the new method of assigning electronegativity values to 
atoms. 


ELECTRONEGATIVITIES OF ATOMS 


Average Electronic Densities of Active Elements. 
Atomic radii have long been used in correlating chem- 
ical properties. However, a much more useful prop- 
erty appears to be a function of atomic radius and 
atomic number, namely, the “average electronic den- 
sity (ED).” It is determined simply as the average 
number of electrons per A.*: ED=Z/4.19r*. Z is the 
electronic number and r is the nonpolar covalent radius 
or the ionic radius. The ED is a representation of the 
average degree of compactness of the electronic sphere 
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about an atomic nucleus. There is abundant evidence 
that the actual atom is an exceedingly complex electri- 
cal system defying simple graphical description. There 
is no intent to imply that the ED represents the actual 
electronic density at any particular point within the 
electronic sphere; it is merely a useful number for pur- 
poses of comparison. 

Within a principal quantum shell, the average elec- 
tronic density changes much more uniformly with 
atomic number than does the atomic radius. This can 
be seen in Figure 1, which depicts this change for the 
first period of eight; the ED appears to be linear with 
atomic number for the addition of s and p electrons 
within any principal quantum shell. 


Change in Electronic Density and Radius with Atomic 
Number 


Figure 1. 


When ED values, calculated from the best available 
nonpolar covalent radii of atoms of the active elements, 
are compared, it is observed that the highest ED’s 
(5-6 electrons/A.*) are those of the most active non- 
metals, and the lowest (one or less electron /A.*) are 
those of the most active metals. In other words, 
those elements whose atoms have most compact 
electronic spheres, whose electrons on the average are 
closer together, are the ones with greatest tendency to 
take on electrons, or greatest electronegativity. Now 
remember that whenever an atom or ion takes on 
electrons, its electronic sphere expands, which di- 
minishes the average electronic density. Thus, the 
dominant chemical tendency of highly electronegative 
elements is to expand toward a lower ED. Certainly 
the suggestion seems worth consideration for the in- 
creased stability acquired by an electronegative atom 
as it takes on surplus negative electricity may be, 
partly at least, the result of the expansion of its elec- 
tronic sphere. 
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Average Electronic Densities of Inert Elements. Ty 
investigate this possibility, it is of especial interest to 
compare the ED values of active atoms with the ED’s 
of the inert atoms. If, as indicated, the ED is related 
to the electronegativity or chemical reactivity of the 
elements, then the ED values for the inert atoms should 
be very significant. 

Actually, there are, of course, no covalent bonds 
formed by the atoms of the inert elements, and there- 
for no nonpolar covalent radii to be determined from 
observed internuclear distances. However, it is pos. 
sible to assign reasonable values of “nonpolar covalent 
radii” to these atoms. The van der Waals radii of the 
inert atoms, the alkali metals, and the halogens have 
been determined, and those of the inert elements have 
been found to be intermediate, as shown in Table 1, 


TABLE 1 
Van der Waals Radii 
F — Ne 1.60 Na 1.86 
Cl 1.40 A 1.92 K 2.31 
Br 1.65 Kr 1.97 Rb 2.44 
Xe 2.17 Cs 2.62 


It is therefore logical to expect the ‘‘nonpolar covalent” 
radii of the inert atoms similarly to be intermediate be- 
tween those of alkali metals and halogens. Pauling 
has assigned radii to the inert atoms determined by 
interpolation of ‘“univalent crystal radii” of isoelec- 
tronic ions (5), and his values were used in the work 
reported earlier (3, 4). However, for various reasons 
it has seemed better to use the more practical “crystal 
ionic radii’ (5) for the determination of inert atomic 
radii. These give somewhat higher values, which are 
listed together with the calculated ED values, in 
Table 2. Also tabulated are the ionic and nonpolar 
covalent radii of the alkali metals and halogens, to 
show that the chosen inert atomic radii are in all cases 
intermediate in value. 


TABLE 2 
Assigned ‘‘Nonpolar Covalent’’ Radii and ED’s of Inert 
Atoms (Other Radii (A.) for Comparison) 


r ED r ED r ED 
0.37 Cl 0.99 64.38 
Li-~ 0.60 3.36 Cs~ 1.69 
He 0.93 0.59 A 1.74 0.82 Xe 2.09 1.41 
Li 1.34 2. 
H- 2.08 K 1.96 Cs 2.25 
F 0.72 Br 1.14 
Na~ 0.95 Rb~- 1.48 
Ne 1.31 1.06 Kr 1.89 1.27 Rn 2.29 1.72 
F- 1.36 Br- 1.95 
Na 1.54 Rb 2.11 


Based on these radii for the inert atoms, which are 
believed to be reasonable in order of magnitude but are 
of necessity somewhat arbitrary, the ED values ar 
found, as shown in Table 2, to vary for the differen! 
inert elements. That means that if these particula 
values are to be considered as representing or in aly 
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way related to the unique stability of the inert ele- 
ments, the change of ED with atomic number must be 
taken into account. 

Stability Ratios and Electronegativities. For purposes 
of comparing the relative compactness of electronic 
shells of atoms of different atomic number, a “stability 
ratio (SR)”’ has been devised (3, 4). This is the ratio 
of the ED of an atom or ion to that (ED,) of an iso- 
electronic inert atom, real, or hypothetical and deter- 
mined by interpolation between real values: SR= 
ED/ED;. It is postulated that an average electronic 
density corresponding to a stability ratio of one represents 
maximum stability. 

It is pertinent to inquire immediately what justi- 
fication there is for assuming that the particular degree 
of compactness of the inert atoms represents maximum 
stability. Perhaps the most direct evidence, aside 
from the obvious fact that the inert atoms do appear to 
possess maximum stability, comes from a consideration 
of the polarizabilities of atoms. The polarizability of 
an atom is a measure of the tightness with which the 
electrons are held. Other factors being approximately 
equivalent, the closer the electrons are held to each 
other the more tightly they must be held, and the 
greater the resistance the electronic sphere should offer 
to deformation by an outside force. It is therefore 
not surprising that so far as the polarizabilities of 
atoms are known, atoms or ions of low average elec- 
tronic density are most easily deformed and the polari- 
zability decreases with increasing ED. According to 
the radii assigned to the inert atoms, the electronic 
spheres of these atoms are much less compact than 
those of the nearest halogens. One would therefore 
expect the inert atoms to be more polarizable. This 
expectation is not realized. On the contrary, as shown 
in Table 3, the inert atoms are less polarizable than the 
adjacent halogen atoms, although the electrons of the 
latter are packed, on the average, much closer together. 


TABLE 3 
Compactness and Polarizabilities of Inert and Halogen 
Atoms 
Vol (A.8)/electron Polarizability (A.3) 
0.17 0.56 
Ne 0.94 0.38 
Cl 0.24 2.28 
A 1.22 1.65 
Br 0.18 3.40 
Kr 0.79 2.45 
I 0.19 5.82 
Xe 0.71 4.13 


This seems to indicate that the electrons of the inert 
atoms are held more firmly than the electrons of the 
halogens, even though in the former they are farther 
apart. In other words, there seems to be some feature 
of the particular degree of compactness exhibited by an 
inert atom which gives the atom maximum resistance 
to such outside forces as might cause the formation of a 
chemical bond. 
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Moreover, there is much chemical evidence that this 
is so. Probably the most direct chemical evidence 
other than the unreactivity of atoms of the inert ele- 
ments is the reactivity of the ions which are isolectronic 
with them. We make important use of the idea that a 
major cause of chemical combination is the tendency 
for atoms to gain or lose electrons in order to approach 
the inert atoms in electronic number, but we are then 
apt to pay little attention to the fact that when atoms 
of an active element have achieved the electronic num- 
ber of an inert atom, they have by no means achieved 
the chemical stability that should go with it. An 
iodide ion and a xenon atom, for example, are alike in 
number and quantized distribution of electrons, but 
there the similarity stops. The iodide ion can be oxi- 
dized and it can serve as electron donor in the formation 
of coordination complexes; it has certainly not lost all 
chemical reactivity by acquiring the magic number of 
54 electrons. What causes the difference? The nu- 
clear charge of the iodide ion, of course, is only about 2 
per cent lower than that of the xenon atom, but the 
effect of this difference in nuclear charge is more con- 
spicuous. The effect is on the degree of compactness of 
the sphere of 54 electrons; in the iodide ion of a crystal 
the electrons occupy on the average half again as much 
space as in a xenon atom. ' 

Most of the chemical evidence that there is a par- 
ticular ED value for each atomic number that repre- 
sents maximum stability, or chemical unreactivity, is 
indirect, but it is abundant. 

Supposing the concept to be essentially correct, it is of 
interest to speculate whether a plausible physical pic- 
ture accounting for this maximum stability at a par- 
ticular average electronic density can be imagined. 

According to currently accepted theory, the electrons 
of an atom are not symmetrically located or evenly 
spaced throughout the electron shell, but are dis- 
tributed, in terms of most probable locations, through- 
out various energy levels described bycertain permissible 
combinations of quantum numbers. The various 
orbitals of the atom differ from each other in their re- 
lationship to the nucleus and to each other. It does 
not seem reasonable to expect these orbitals, with their 
electrons, to maintain a constant relationship to each 
other and to the nucleus throughout the expansion or 
contraction of the electronic sphere. More likely, 
the relationships will change. If this is so, we may 
then imagine that for a given number of electrons, one 
particular fixed combination of electronic interrelation- 
ships may represent maximum inner symmetry or 
balance of forces, such that the complex electrical 
system as a whole offers maximum resistance to out- 
side forces. Either expansion or contraction of the 
sphere from this point will then upset the inner sym- 
metry so that the system becomes susceptible to out- 
side influences and may achieve better balance and 
therefore greater stability by uniting with some other 
system. It is only natural to assume that the average 
electronic densities representing maximum stability are 
those exhibited by the atoms of the inert elements. 
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Whatever the correct interpretation may be, the fact 
is that the stability ratios calculated for the different 
elements have proved to be extremely useful. In 
Table 4 atomic nonpolar covalent radii, ED’s, the ED,’s 
representing maximum stability for the same atomic 
number, and the SR’s for many of the elements are given. 
Any one of the radii selected for these calculations 
might become the subject of a long and inconclusive 
controversy. Rather than attempt to support each 
number, therefore, I shall merely list them, with the 
statement that they are selected chiefly from compila- 
tions by Pauling (6) and Gordy (7), with some correc- 
tions made, as in the case of boron, on the basis of the 


TABLE 4 


Nonpolar Covalent Radii, Electronic Densities, and 
Stability Ratios of Fifty Active Elements 


r ED ED; SR r ED ED; SR 
H 0.37 3.55% Zn 1.31 3.18 1.12 2.84 
Li 1.34 0.30 0.65 0.46 Ga 1.26 3.70 1.14 3.23 
Be 0.90 1.31 0.70 1.87 Ge 1.22 4.20 1.17 3.59 
B 0.82 2.16 0.76 2.84 As 1.19 4.67 1.19 3.91 
C 0.77 3.11 0.82 3.79 Se 1.16 5.19 1.22 4.25 
N 0.75 3.95 0.88 4.49 Br 1.14 5.65 1.24 4.53 
O 0.73 4.90 0.94 5.21 Rb 2.11 0.94 1.28 0.73 
F 0.72 5.75 1.00 5.75 Sr 1.92 1.28 1.28 1.00 
Na 1.54 0.72 1.03 0.70 Y 1.62 2.26 1.29 1.75 
Mg 1.30 1.30 1.00 1.30 Zr 1.48 2.94 1.30 2.26 
Al 1.18 1.88 0.97 1.94 Ag 1.53 3.13 1.36 2.30 
Si 1.11 2.46 0.94 2.62 Cd 1.48 3.54 1.36 2.59 
P 1.06 3.04 0.91 3.34 In 1.44 3.92 1.37 2.86 
Ss 1.02 3.62 0.88 4.11 Sn 1.41 4.28 1.38 3.10 
Cl 0.99 4.19 0.85 4.93 Sb 1.38 4.68 1.39 3.37 
K 1.96 0.60 0.84 0.71 Te 1.35 5.05 1.39 3.62 
Ca 1.74 0.91 0.87 1.05 I 1.33 5.38 1.40 3.84 
Se 1.44 1.68 0.89 1.88 Cs 2.25 1.15 1.42 0.81 
Ti 1.36 2.09 0.92 2.27 Ba 1.98 1.72 1.43 1.20 
V 1.23 2.95 0.94 3.12 La 1.69 2.82 1.44 1.96 
Cr 1.25 2.93 0.97 3.02 Au 1.50 5.59 1.65 3.39 
Mn 1.24 3.13 0.99 3.15 Hg 1.49 5.75 1.66 3.47 
Fe 1.23 3.34 1.02 3.27 Tl 1.48 5.97 1.67 3.58 
Co 1.22 3.54 1.04 3.38 Pb 1.47 6.16 1.68 3.67 
Cu: 11.38 2.66 1.09 2.43 Bi 1.46 6.38 1.69 3.78 


* Estimated empirically. 
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SR 


Figure 3. Relation Between Stability Ratios and Electronegativities 


observed linearity of ED with atomic number for 
series of elements in which s and p electrons are being 
added to the outermost principal quantum shell. Any- 
one preferring to use other radii may easily do so. It 
must be pointed out that in addition to some un- 
certainty as to the best values of nonpolar covalent 
radii, particularly for such elements as the transition 
metals, there is at present no way of knowing whether 
linear interpolation of ED; values is reliable for deter- 
mining the stability ratios of elements having atomic 
numbers far removed from those of the inert elements. 
It is believed, therefore, that while the SR values given 
in Table 4 for the transition elements probably are of 
the right order of magnitude in most cases, the most 
dependable SR values are those of the ‘‘8-shell’’ and 
“‘18-shell” type of elements. 

An inspection of the SR values of Table 4 will reveal 
the following major facts. The highest values are 
those of the most active nonmetals, fluorine, oxygen, 
and chlorine leading in that 


order. The lowest values 
are those of the most active 
metals, the alkali and al- 
kaline earth metals. The 
elements whose average 
electronic densities are 
farthest removed from the 
values postulated as repre- 
senting greatest stability 
are the most active non- 
metals. 

It appears that the active 
elements tend to react chemi- 
cally in such a manner as 
to approach, if possible, the 
inert elements not only in 
electronic number but also in 
average electronic density 


4.5 
SR 


Figure 2. Relation Between Stability and Electron Affinities of Halogens 


(unit stability ratio). 
Although this is reason- 
able, it is not absolutely es- 
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sential to the utility of the concept that the explanation 
be correct. If, in fact, the most compact atoms always 
react in the direction of becoming less compact, this 
fact can be very useful even without establishing a 
proved relationship between compactness and stability. 
However, when it further becomes evident that the 
electron affinities of the halogens are directly pro- 
portional to their stability ratios, as shown in Figure 2, 
the reasonableness in assuming the particular degree of 
compactness to be of significance becomes even more 
apparent. Most important of all, it is found, as shown 
in Figure 3, that the stability ratios of the elements are 
closely related to the electronegativity values deter- 
mined by Pauling (8) on the entirely different basis of 
bond energies. It would seem unreasonabie not to take 
advantage of this relationship and see what it can con- 
tribute toward an understanding of chemistry, whether 
its fundamental or theoretical significance happens to 
be clearly understood or not. 

In the discussions to follow the electronegativity is 
the attraction for electrons as evaluated by the stability 
ratio. The general ideas are, of course, equally ap- 
plicable whatever the derivation of the electronegativity 
values, and therefore not dependent on the validity of 
the stability ratio concept. 

A Possible Explanation of Electronegativity. Two 
aspects of electronegativity may be considered. One 
is the idea that every atom (or ion) possessing this 
property has an inherent attraction for electrons. 
The other is the fact that by taking on electrons, such 
an atom (or ion) becomes chemically more stable. An 
explanation of electronegativity must therefore tell 
both why the atom attracts electrons in the first place, 
and also why the gain increases its stability. 

A crude explanation of the attraction for electrons 
which is inherent in electronegative atoms may be 
derived from the fact that an atom is electrically neu- 
tral in effect only at distances which are very large 
relative to its radius. Even though the total charge of 
the electronic cloud about the nucleus exactly balances 
the nuclear charge, the distribution of negative charge 
is such that at any point on the periphery of the atom, 
the nuclear charge is not completely neutralized. Any 
atom may therefore be considered as having at any 
point of its periphery, an attraction for foreign elec- 
trons which is proportional to the nuclear charge and 
inversely proportional to the radius and to the repul- 
sion of the electronic sphere of the atom. The stability 
ratio, as a measure of average electronic density, gives 
an idea of the magnitude of this attraction, for if elec- 
trons are held close together despite their mutual 
electrostatic repulsion, the attraction must be large, 
and vice versa. Therefore the electronegativity is 


, Toughly proportional to the average electronic density 
and is measured by the stability ratio. 

The concept of maximum stability at unit stability 
ratio helps to explain the increase in stability when 
electrons are attracted. The acquisition of a partial 
negative charge results in expansion of the electronic 
sphere, which is considered to bring about a better 
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balance of forces within the atom, and also reduces the 
electronegativity. 

Metals and Nonmetals. These ideas of electro- 
negativity help to clarify the meaning of the frequently 
misunderstood concept of “electropositivity.’”’ Most 
texts apply the term “electropositive’’ to the more 
active metals, and the usage is such that the student 
easily gets the impression that these metals inherently 
tend to get rid of electrons. It is true that the electri- 
cal properties of metals indicate that certain of their 
electrons are very mobile and can flow easily through 
the metal crystal. However, the flow of electrons, 
involving a continual and immediate replacement of 
any electrons which move away from a given nucleus, 
is quite different from the chemical removal of electrons 
which leaves the metal atom with an electron de- 
ficiency. The latter requires the input of a relatively 
large amount of energy, even for the most active of 
metals. This is indicated by the ionization potential 
of 3.893 electron volts, or 89.7 kg.-cal./mol, for cesium 
(9), which is the lowest value for any of the elements. 
Chemically, an electropositive element is merely an 
element of low electronegativity. Its atoms contain 
certain electrons which offer definite but relatively low 
resistance to removal. Since most of its reactions are 
therefore with elements greater in electronegativity, it 
usually becomes the relatively positive partner in polar 
bond formation. 

The idea of electronegativity therefore makes it 
difficult if not impossible to define a metal on the basis 
of its chemical properties. It is extremely convenient 
in the teaching of elementary chemistry to divide the 
elements into metals and nonmetals and describe 
their chemical characteristics by saying that metals 
tend to lose electrons and nonmetals tend to gain elec- 
trons. However, a study of the electronegativity 
values as determined from electronic densities shows 
that some elements whose physical properties identify 
them beyond question as metals are more electro- 
negative than some elements whose physical properties 
identify them as nonmetals. It would seem preferable, 
therefore, to emphasize that the distinguishing char- 
acteristics of a metal are largely physical properties. 
The elements of highest electronegativity never, and 
the elements of lowest electronegativity always, show 
the physical properties of metals, but. the elements of 
intermediate electronegativity may be either metallic 
or nonmetallic or borderline depending on their atomic 
weight, state of aggregation, and other factors. 

Applications of Electronegativities. The most im- 
portant application of electronegativities of atoms, of 
course, is to the nature of the bonds formed in chemical 
combination, and the effect on th® properties of the 
compounds. As is well known, bonds between atoms 
initially different in electronegativity are expected to be 
polar, the negative end of the bond dipole being the 
atom which initially was more electronegative. Meth- 
ods of estimating the degree of polarity of such bonds, 
sometimes termed the extent of “ionic character,’’ can- 
not be discussed in the present paper. 
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Wuen Herman Mark came to the Polytechnic In- 
stitute in 1940 at the age of 45, he quickly gathered 
about him a group of workers including Goldfinger, 
Fankuchen, Stern, Hohenstein, Alfrey, Doty, and 
Zimm, to study the structure of macromolecules and 
their behavior in solution. With only a minimum of 
space and equipment this group transformed itself 
within five years into the present Institute for Polymer 
Research. This institute attracts students and re- 
search workers from all over the world and has had a 
profound influence on research and applications of high 
polymeric molecules in the United States and abroad. 
To understand the impetus which Mark gave to this 
branch of chemistry, we must trace out his varied career 
and the contributions which he has made to science. 
After the first world war, when Mark, then a young 
lieutenant in the Austrian Army, was _ released 
from a prisoner of war camp in Italy, he en- 
rolled as an organic chemistry major at the University 
of Vienna. His university career was brilliant and was 
perhaps rivaled only by that of his schoolmate, Richard 
Kuhn. Receiving his doctorate in 1921 under Schlenk 
with highest honors, he then went to the University of 
Berlin as an instructor and after one year moved to the 
Kaiser Wilhelm Institut fiir Faserstoffe. This in- 
stitute was the first to study the structure of natural 
high polymers by means of X-rays. Here Mark 
carried out X-ray diffraction studies of polymers with 
Polanyi and others and worked out the structure of 
graphite with Hassel. Mark then made fundamental 
studies with Kallman and Ehrenburg of the optical 
properties of X-rays—the dispersion, refraction, and 
reflection of X-rays and the Compton effect. 

In 1926 Mark joined the staff of the research labora- 
tories of I. G. Farben in Ludwigshafen where he carried 
out his classical studies with K. H. Meyer and others on 
the structure of cellulose and other natural high poly- 
mers. Their collaborative research is contained in 
their famous book “Der Aufbau der hochpolymeren 
organischen Naturstoffe.’”’ During the same period he 
collaborated with Wierl in applying the then new 
electron diffraction technique to molecules. They were 
the first to obtain interatomic distances in molecules by 
electron diffraction. 
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In 1932 he was appointed Director of the First 
Chemical Institute at the University of Vienna where he 
stayed until 1938. The work at that institute was con- 
cerned with three main aspects of high polymer chem- 
istry. First, there was the work with Raff and Dostal 
on the kinetics of addition polymerization. Second, 
there was the work with Guth on the statistics of rub- 
ber-like molecules and the mechanical properties of 
rubber, and third, there was the work with Simha, 
Guth, and Eirich on the hydrodynamics of high poly- 
meric molecules in solution. 

After his dismissal by the Nazis, Mark went to 
Canada to become Research Manager of the Inter- 
national Paper Company in Ontario. At that time he 
initiated the series of monographs on high polymers for 
the Interscience Publishers commencing with the col- 
lected works of W. H. Carothers. 

In 1940 Mark left Canada for the United States and 
joined the faculty of the Polytechnic Institute of Brook- 
lyn. Since the war he and his group at the Institute have 
continued studies on polymerization kinetics, copoly- 
mers, catalysts, and the properties of polymers in solu- 
tion. He is co-editor with Doty of the Journal of Poly- 
mer Science and is active in organizing numerous con- 
ferences on high polymers for the Polytechnic Institute 
of Brooklyn, the American Chemical Society, and the 
Gordon Research Conferences. He carries on an ex- 
tensive correspondence with scientists the world over 
and is always available for students as well as advanced 
research scientists to advise and to suggest ideas which 
might be helpful. 

Mark has always taken a strong interest in students, 
both undergraduate and graduate. He once served on 
the Board of Education of the City of Vienna and is 
very active within the Chemistry Department of the 
Polytechnic Institute of Brooklyn. His lectures on 
polymer chemistry and the history of chemistry are 
extremely popular with the students. In the latter 
course he examines the researches which led to modern 
concepts in chemistry. He is able to do this with 
authority since he himself has promoted many of these 
advances or was in personal contact during the past 
quarter century with many of the scientists while they 
were carrying out their classical researches. 


HERMAN FRANCIS MARK 
the 
are 
techi 
coult 
ble 
refer 
es 
close 

were 
catic 
colu 
cour 

close 
Ir 

mat 

inst: 
cher 
tica 
dive 
ioni 
colo 
any 

star 

ahe 

T 
can 

am! 


\TION 


2). 


), Cire 


e AN ION EXCHANGE EXPERIMENT FOR 
PHYSICAL CHEMISTRY 


Or aut the many recently developed applications of 
the new synthetic ion exchange resins, none is of more 
far-reaching importance for fundamental research 
than their use for separating various substances. This 
technique has in many cases provided a relatively 
simple means for effecting separations which previously 
could be carried out only laboriously and with considera- 
ble difficulty. Though many applications in the field 
of organic chemistry have been made (see for example 
references /—4), probably the most striking separations 
have been those of the lanthanides (5) and the actinides 
(6-8). For this reason, a student experiment which 
closely parallels the procedure by which the rare earths 
were separated and which illustrates the separation of 
cations by elution with complexing agents from a resin 
column would be a valuable addition to a laboratory 
course in physical chemistry. Several student experi- 
ments with ion exchange resins have been proposed 
(9-11), but none of these involves separations that 
closely resemble that of the rare earths. 

In several recent reviews (12-15) on ion exchange 
separations, the theory and factors affecting the degree 
of separation when complexing reagents are employed 
have been considered. While these are good reference 
material for students in physical chemistry, they do not 
supply the information required for a specific laboratory 
experiment. Such an experiment should not require 
expensive materials nor analytical techniques involving 
instrumentation not normally found in student physical 
chemical laboratories. Therefore, in planning a prac- 
tical student experiment, nickel and cobalt were chosen 
as the two cations to be separated. The radii of the 
divalent ions are approximately the same, just as the 
ionic radii of the rare earths are approximately the 
same. The nickel and cobalt solutions may be analyzed 
colorimetrically as they come from the column without 
any additional chemical treatment. From a pedagogical 
standpoint, the colors of these ions present another ad- 
vantage in that when a light-colored resin is used one 
can actually see the separation taking place on the col- 
umn, the green nickel band moving down the column 
ahead of the pink cobalt band. 


THEORY 


The theory referred to in the previous paragraph 
can be applied to the separation of cobalt and nickel 
as follows. When a solution of NiCl and CoCh 
is poured on a column of a cation exchange resin in the 
ammonium form the reactions may be represented as 


THOMAS H. ROBERTS, B. R. WILLEFORD, 
JR., and ROBERT A. ALBERTY 

Bucknell University, Lewisburg, Pennsylvania, and 
University of Wisconsin, Madison, Wisconsin 


Nit+ + 2NH,R = + 2NH,* (1) 
Cot+ + 2NH,R = CoR, + 2NH,+ (2) 


where R represents the insoluble macromolecular resin 
anion. The “capacity” of a resin is the number of 
equivalents of cation which may be bound on 1 g. 
of resin. Ifa resin of sufficiently high capacity is used, 
all the Ni++ and Co** ions will be adsorbed in a rela- 
tively narrow band at the top of the column. 

The strength of the metal-resin bond depends upon 
two things, the radius of the hydrated ion and the 
valence of ‘the ion. Thus, two different metal ions 
will be held by the resin with different tenacities. A 
separation of the two ions might then be achieved by 
taking advantage of this difference in the affinity of 
the two ions for the resin. Although this difference is 
sometimes quite small it may be accentuated by use of a 
complexing agent (such as citrate buffer or tartrate 
buffer) which effectively removes metal ions from the 
solution and competes with the resin for the cations. 
The speed with which a given ion moves down the resin 
column is then dependent upon two things: the affinity 
of the resin for the ion and the extent to which the ion 
is complexed by the complexing agent. 

Let us consider the reactions which take place when 
a solution of ammonium citrate of a pH at which nickel 
citrate complex ions are formed is passed through a 
resin column on which nickel ion has been adsorbed 
at the top. The following reversible reaction results: 


2NH,+t + 2NH.R + Nitt (3) 


At the same time the citrate anion of average charge 
—~m (represented by A~”) reacts with the Ni++ ion as 
indicated by the following reversible reaction: 


Ni*+*+ + = NiA?—2m (4) 


where x is the number of anions which complex with 
each nickel ion. The fraction of the total nickel found 
in each form, i. e., as Ni++, NiRe, and NiA?~", is 
determined by the equilibrium constants for reactions 
(3) and (4). A similar set of two reactions occurs for 
the Cot++ ion. If these two equilibrium constants 
for the nickel reactions are sufficiently different from 
those for the cobalt reactions, a separation may be 
achieved. 

The process which occurs in the column may be 
visualized as follows for the nickel ion. When the 
nickel chloride solution is poured on the column the 
nickel is adsorbed in a narrow band at the top as indi- 
cated by equation (1). When the ammonium citrate 
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buffer is passed into the column the free Nit++ ions 
are complexed according to equation (4) to a large 
extent so that the equilibrium for reaction (1) is shifted 
to the left. The nickel in solution moves down the 
column to a region of “fresh” resin (NH,R). This 
amounts to increasing the concentration of NH,R 
which shifts the equilibrium of reaction (1) to the right 
again, 7. e., the Nit++ ion is readsorbed. Thus, as the 
solution passes down thecolumn, the Ni+*is successively 
adsorbed and desorbed in a process similar to fractional 
distillation in which a substance is successively vapor- 
ized and condensed. Thesame process is going on with 
the Cot+ ions. Thus the small differences in equi- 
librium constants operate many times, with the result 
that a better separation is achieved by column opera- 
tion than in a batch experiment. When citrate 
buffers of higher pH are used reaction (4) is displaced 
to the right, and the metals are eluted more rapidly 
from the column. 


PRELIMINARY INVESTIGATION 


There are many factors which affect the degree of 
separation which can be achieved. Among these are 
length of resin bed, flow rate of eluent, pH of eluent, 
temperature, resin particle size, column loading, and 
resin exchange capacity (13). It was desired to find 
conditions under which nickel and cobalt may be 
satisfactorily separated on a column within the time 
limits of a single 3- to 4-hour laboratory period. Of 
the factors listed above, the flow rate and pH of the 
eluent are the most important. Therefore, more or 
less arbitrary conditions for the other variables were 
chosen and an investigation was made to determine the 
values for the flow rate and pH of the eluent that would 
give the best separation within the time limits imposed. 
Using the experimental procedure given in the following 
section, 29 runs were made under various conditions 
of flow rate and pH of eluent. The most significant 
of these runs are summarized in the table. 

It can be seen that, in general, the best separations 
were obtained under conditions of slow flow rate and 
low pH of eluent. These conditions also require longer 
times for the separation to be accomplished. Of the 
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Effect of Flow Rate and pH of Eluent on Elution of Nj 
and Co 


Resin: Dowex 50 (60-100 mesh). Length of Resin Bed: 30.5 + 
0.3 cm. Column Diameter: 1.2 cm. Charge: 200 mg. Nit++ 


200 mg. Cot+. Eluent: 5% citric acid + 0.1% phenol ad 
justed to given pi with aqueous ammonia, 
% Ni recov- 
Flow rate, ered without 
pH of Co contamina- Time required, 
Run no. eluent min. tion hrs : minutes 
12 3.22 3.6 97 5:07 
16 3.22 4.2 94 4:07 
15 3.24 3.4 93 5:11 
31 3.24 5.2 95 3:15 
19 3.26 5.0 78 2:35 
21 3.26 6.6 82 2:00 
23 3.28 3.4 78 3:00 
28 3.28 4.7 66 2:30 
37 3.34 2.2 83 4:14 
34 3.34 2.2 91 3:56 
20 3.34 4.2 73 2:10 
25 3.36 2.3 75 3:00 
29 3.24 5.0(0) 96 3:26 
30 3.24 5.0(8) 93 3:05 
31 3.24 5.1(7) 95 3:15 
32 3.24 5.2(8) 93 3:10 
33 3.24 5.1(4) 92 3:08 


various conditions studied, a flow rate of 5.1 ml./cm.?/ 
min. and a pH of 3.24 seem to be most satisfactory. 
The results of five runs made under these conditions are 
given in the last lines of the table. They show that an 
average of 94 per cent of the nickel was recovered 
free of cobalt contamination in an average time of 3'/, 
hours. It can be seen that the reproducibility of the 
experiment is quite satisfactory. The elution curve 
for Run 32 is shown in Figure 1. 


DIRECTIONS 


Apparatus. Ion-exchange column filled with Dowex 
50 W resin (60-100 mesh), citrate buffer, stock solu- 
tions of NiClk, and CoCh, two 25-ml. graduates, test 
tubes and corks, photoelectric colorimeter. 

Preparation of Resin Column. Because of its high 
exchange capacity, Dowex 50 resin was chosen. It is 
pretreated with 6 N hydrochloric acid to remove ionic 
impurities. An aqueous suspension of the resin is 
slurried into a glass column 60 cm. in length and 1.2 
cm. in diameter which has a sintered-glass plate at the 
bottom to support the resin and a piece of rubber 
tubing and a screw clamp for controlling the flow rate. 
Alternatively the resin may be placed in an ordinary 
stopcock buret (/1) in the bottom of which a small 
plug of glass wool has been placed. The resin is allowed 
to settle to a height of 30 cm. and is washed with dis- 
tilled water. A solution of ammonium chloride is then 
passed through the column to convert the resin to the 
ammonium form. The conversion may be considered 
complete when the column effluent is basic to methyl 
orange. After washing with several column volumes of 


distilled water, the column is ready for use. To con- 
serve time the hydrochloric acid and ammonium 
chloride treatments may be made previously on large 
batches of resin using large columns. 
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Preparation of Eluting Solution. Fifty grams of 
citric acid monohydrate and 1 g. of phenol (added as a 
mold growth inhibitor) are dissolved in a liter of water. 
Concentrated aqueous ammonia is then added to the 
solution until a pH of 3.24 (as indicated on a pH meter) 
is reached. 

Stock Solution. In order to conserve laboratory time 
it is desirable to prepare in advance a stock solution of 
the nickel and cobalt chlorides. This solution should 
be of known concentration. It is suggested that it be 
prepared so that each 10-ml. portion of the solution 
contains 200 mg. each of Cot++ and Ni*+. 

Procedure. A quantity of the stock solution contain- 
ing 200 mg. each of Cot+* and Ni** is poured into the 
column, care being taken not to disturb the particles at 
the top of the resin bed. If distilled water is then poured 
carefully into the tube, it will layer above the salt solu- 
tion and there will be adequate head to force the solution 
through the column. A narrow adsorption band, brown 
in color is formed at the top of the resin bed. A 
siphon is connected to the column and about 100 cc. of 
distilled water is allowed to flow through. If the 
washings are colorless they are discarded. 

The stock solution of the eluent is now connected to 
the column by a siphon. This solution is passed 
through the column at a rate of 5 ml./em.?/min. 
After a few minutes the brown band can be seen to 
begin to break up into two bands, the green nickel 
band being below the pink cobalt band. The effluent 
is collected in approximately 150-ml. portions until the 
nickel complex ion is near the bottom of the column. 
Ten-milliliter fractions are collected during the elu- 
tion of the nickel and 25-ml. fractions during the elution 
of the cobalt. For each fraction, the volume and time 
are recorded (the flow rate may be checked from these 
data) and a test tube full of the solution is saved for 
analysis. 

Analysis of Samples. The fractions may be analyzed 
by a photoelectric colorimeter. A Fisher Electro- 
photometer with a micro attachment was used for the 
runs reported here. Calibration curves were prepared 
using citrate solutions containing known amounts of 
cobalt and nickel. They are reproduced in Figure 2. 
It is seen that while the interference of nickel with the 
analysis for cobalt at 525 mu is negligible, the cobalt 
complex absorbs sufficiently at 650 mu to make necessary 
a correction for its presence. 

Calculations. The concentration of each metal in 
milligrams of metal per milliliter of solution in each 
fraction is read from the calibration curves. The 
concentrations are plotted versus the total volume of 
effluent to give the elution curves. The quantities of 
nickel and cobalt recovered from the column are 
calculated from the concentrations and volumes of the 
fractions. The per cent recovery is obtained. The 


percentage of each metal recovered without contamina- 
tion by the other is calculated. 

Suggestions for Further Work. The results obtained 
may be compared with those predicted from the “‘plate’’ 
theory by following the directions given by Tompkins 
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(12). The influence of pH of eluent, of flowrate, of 
different weight ratios of cobalt to nickel, or of the 
ratio of the weight of metals to weight of resin may be 
investigated. 

This experiment is now in use in these laboratories. 
Satisfactory performance of the experiment on photo- 
electric colorimetry (16) is a prerequisite to this experi- 
ment. If the student has studied the light absorption 
of nickel and cobalt chlorides in citrate buffer in the 
regular colorimetry experiment, these data may be 
utilized in the analysis of the column fractions. Alter- 
natively, the students may be provided with calibra- 
tion curves for the analysis of the fractions. 
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monia and the amines, the alkyl and aryl boranes form 
rather stable complexes of the type RsB-NH;. When 
these compounds are treated with alkali metals in 
liquid ammonia, hydrogen is evolved and the resulting 
amide ion complexes with boron. Reaction takes place 
according to the equation: 


K + R:B-NH; = R;B-NH2K + 1/2H: (1) 


Compounds of the type R;BNH2M are strong electro- 
lytes and are surprisingly stable. Thus, the compound 
Ph;BNH2K is fairly stable in air although Ph;B oxidizes 
readily and KNH, oxidizes explosively. It may be 
noted that the boranes form stable complex compounds 
with salts of several small ions such as OH-, F-, etc. 
Thus, tetrabutylammonium triphenylborofluoride 
NPh;BF, is quite stable in air. 

Dibutylboron Bromide. The dialkyl or aryl boron 
halides, R,BX, ammonolyze in liquid ammonia. 
Therefore, they cannot be reduced by means of the 
alkali metals in that solvent. However, they may be 
reduced by means of sodium-potassium alloy in ether 
solution. It is, perhaps, more accurate to say that 
dibutylboron bromide may be so reduced; similar 
reactions with other dialkyl or aryl boron halides, 
while they probably would occur, have not been 
studied. 

The reduction of dibutylboron bromide by means of 
Na-K alloy takes place in two stages; in the first 
stage, reaction occurs according to the equation: 


(C,H»)2BBr + M = (C,H,)2B + MBr 
In the second stage we have: 
(C.Hy)2B + M = (3) 


Dibutylboron and metal dibutylboride are both soluble 
in ether. 

If, after reaction (2), the solvent is evaporated and the 
tube containing the product is exhausted at higher 
temperatures, and the volatile products are condensed 
and collected, the butylboron disproportionates accord- 
ing to the equation: 


(2) 
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7. BORON 
Reactions of Trialkyl and Arylboranes. With am- = + (4) 


The monobutylboron, C,H,B, is a solid and is doubtless 
highly polymerized. In all likelihood, dibutylboron 
also exists as a polymer of some sort. 

In one experiment, a small quantity of a difficulty 
volatile material was obtained whose composition 
corresponded closely to that of dibutylboron. It 
would be of much interest to obtain dialkylboron in the 
pure state. However, it would be advantageous to 
work with a compound of one of the lower alkyls, such 
as the methyl or ethyl derivatives. With a more volatile 
compound, it might be possible to volatilize the dialkyl 
boron without decomposition. 

The product of reaction (3), MB(C,Hg)2, yields a red 
colored solution; therefore, it is a simple matter to 
determine the end point of reaction (2). The product 
of reaction (3) cannot well be isolated and studied. 
However, its existence may be established by its res 
actions. 

On adding methyl] iodide to the product of reaction 
(3), we should expect to obtain methyldibutylboron in 
accordance with the equation: 


+ CHI = CH;B(C,Ho)2 + MI (5) 


The expected compound is obtained with a 67 per cent 
yield. Only two-thirds of the dibutylboron reacts in 
accordance with equation (3). Other observations and 
reactions indicate that reaction (3) is not quantitative. 
Seemingly, dibutylboron exists in two (probably poly- 


meric) forms only one of which is reduced to MB(C,Hy)s 


by sodium-potassium alloy. While there is no question 
as to the formation of the metal boride to the extent of 
approximately 67 per cent, it seems equally certain that 
the dibutylboron, as initially formed, is not all of the 
same kind. Further investigation is required to estab- 
lish the nature of the products of reaction (2). By all 
means, the reaction of more volatile dialkylboron com- 
pounds should be investigated. At the same time, it 
would be of interest to investigate the reduction re- 
actions of diphenylboron halides. The reaction of com- 


pounds of the type MBR, with the halides of different 


NOVI 
man 
than 
studi 
boro 
not 
Tr 
and 
ignit 
mon 
form 
at 2: 
ether 
while 
lla 
31° 
. 
with 
gallit 
E 
N 
ethy: 
form 
form 
M 
It is 
ion e 
W 
re 
(prol 
amid 
2M 
lent | 
whic 
TI 
(Gal 
The 
form 
elect 
depe 


\TION 


ACHOD, 
22 


ENDER, 
2. 


NOVEMBER, 1952 


organic and organo-metallic groups would be of interest. 

NaGePh; and BCl;. Sodium triphenylgermanide re- 
acts readily with boron trichloride in ether. Seemingly, 
the reaction is straightforward; no hexaphenyldiger- 
mane is formed nor is there evidence of a product other 
than one of boron and germanium. However, the 


549 


material was obtained as a rather viscous oil which 
could not be crystallized. The germanium/boron ratio 
approximated 3:1. It is likely that the compound may 
have been complexed with ether. Treatment with 
liquid ammonia might serve to yield a manageable 
product. 


8. GALLIUM 


Our knowledge of the chemistry of the organo-gallium 
compounds is very limited. These compounds are 
studied rather more readily than the corresponding 
boron compounds because the dialkylgallium halides do 
not ammonolyze in liquid ammonia. 

Trimethylgallium. Trimethylgallium boils at 55.7° 
and freezes at —19°. It is pyrophoric and the solid 
ignites in air at —76°. It is readily chlorinated to the 
mono or the dichloride by HCl in ether. The gallane 
forms a monoetherate which boils at 98.0°; the etherate 
vapor is dissociated to the extent of about 70 per cent 
at 25°. One methyl group of trimethylgallium mono- 
etherate is hydrolyzed by potassium hydroxide at 25°, 
while two methy! groups are hydrolyzed at 100°. The 
gallane forms the ammine Me;Ga-NH; which melts at 
31° and sublimes in vacuo at room temperature. 

Two molecules of trimethylgallium ammine react 
with one molecule of sodium amide to form bistrimethyl- 
gallium sodium amide according to the equation: 

NaNH, + 2Me;Ga:NH; = NaNH2[Me;Ga]ze + 2NH; (6) 

The compound is stable at 90°. With lithium in 
ethylamine, the compound NaC:;H;NH-GaMe; is 
formed. With tetramethylammonium fluoride, bistri- 
methylgallium tetramethylammonium fluoride is 
formed according to the equation: 


MeNF + 2Me;Ga-NH; = Me.NF[Me;Gak + 2NH; (7) 


It is of interest to note that the amide and the fluoride - 


ion each complexes with two molecules of Me;Ga. 

When trimethylgallium is treated with sodium in 
liquid ammonia, two reactions take place simultane- 
ously. In the first, sodium reacts with ammonia 
(probably attached to the gallium) to form a sodium 
amide complex according to the equation: 


2Me;GaNH; + Na = (Me;Ga).: NH:Na + '/2He + NH; (8) 


However, in the over-all reactions, less than one equiva- 
lent of hydrogen is evolved. There is a second reaction 
which may be formulated as follows: 


2Me;Ga + 2Na = Me;Ga:GaMe;—~~ + 2Nat (9) 


The compound Na(GaMe;)s, like the amide NaNH.- 
(GaMe;)2, is soluble in liquid ammonia and is colorless. 
The lack of color may be accounted for by assuming the 
formation of the bimolecular ion Me;Ga:GaMe;~~, the 
two gallium groups being held together by a pair of 
electrons. 

The proportion in which reactions (8) and (9) occur 
depends on conditions. In one case, on adding an 


excess of sodium, 2.82 milatoms of hydrogen were 
collected from 5.64 millimols of GaMe;, or, precisely, 
one half atom per mol of gallium in accord with equa- 
tion (8). After discharging the blue color of the excess 
sodium by addition of ammonium bromide, no hydrogen 
was evolved on further addition of bromide. In 
another experiment, carried out with a dilute sodium 
solution and 6.5 millimols of GaMe;, 1.70 milatoms of 
hydrogen were evolved according to reaction (8) and 
1.64 milatoms of hydrogen were evolved according to 
the reaction: 


Naz(GaMe;), + 2NH,Br = 2NaBr +2GaMe; + 2NH; + (10) 


Approximately two-thirds of the gallium reacted accord- 
ing to equation (8) and one-third according to equation 
(9). 

The reaction of trimethylgallium with lithium in 
ethylamine seems to be similar to that with sodium in 
ammonia. The lithium salt, Liz:Me;Ga:GaMe;, is 
formed in the sense of equation (9). However, in place 
of reaction (8), we have 


Me;Ga-C:H;sNH: + Li = Me;GaC:H;sNHLi + '/:H: (11) 


One molecule of gallium is associated with one mol of 
lithium ethylamide and one atom of hydrogen is 
evolved per mol of compound. 

The product of reaction (9) is not stable when the 
ethylamine is evaporated; one atom of hydrogen is 
evolved per atom of lithium in the compound Li,- 
(GaMe;)2. Evidently, reaction takes place with the 
amine somewhat as follows: 


Li.( Me;Ga), + 2C;,H;N Hz = 2LiC:H;NH-GaMe; + He 


In one experiment, 2.06 milatoms of lithium were 
added to 2.06 millimols of Me;Ga in ethylamine. On 
completion of the reaction, 0.82 milatom of hydrogen 
had been evolved. On evaporating the solvent, 1.26 mil- 
atoms of hydrogen was evolved. On condensing am- 
monia on the residue and adding ammonium bromide, 
no hydrogen was evolved. Thus a total of 2.08 mil- 
atoms were evolved. Of this, 39.4 per cent resulted 
from reaction (11) and 60.6 per cent from reaction (12); 
the total hydrogen corresponds to the amount of 
lithium used within the experimental error. 

Dimethylgallium. Dimethylgallium chloride  dis- 
solves in liquid ammonia without ammonolysis. On 
treating its solution with sodium we have the reaction: 


Me,GaCl + Na = Me:Ga + NaCl (13) 
Dimethylgallium is soluble in liquid ammonia, its 
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solutions having a yellow to orange color, depending on 
concentration. When the solution is concentrated, a 
brownish colored compound precipitates. This com- 
pound seems to be a complex with ammonia. Hydro- 
gen is evolved slowly at —33° and rapidly at room 
temperature. One atom of hydrogen is produced per 
atom of gallium according to the equation: 
Me.Ga:NH; Me.GaN Hz + 1/,He (14) 
The amino compound, Me2,GaNHa, is a solid which may 
be sublimed in vacuo at 100°; it may be melted at higher 
temperatures. The compound dissolves slowly in 
water; it is necessary to heat to 60° to effect complete 
solution. Analyses for nitrogen and gallium correspond 
closely to the requirements of the formula above. 
Dimethylgallium is not acted upon by sodium in 
liquid ammonia. Its reaction toward oxygen has not 
been examined. Gallium compounds containing other 
organic groups have not been investigated. 
Methylgallium. Methylgallium dichloride reacts 
with two equivalents of sodium in liquid ammonia 
according to the equation 


In a recent issue our distinguished contemporary, Discovery, 
expressed concern about the position of pure or fundamental 
research. The really great advances all spring from discoveries 
made in pure science. Those initial discoveries may sometimes 
be no more than chance by-products of an ‘“‘academic’’ investi- 
gation, yet they can lead to great new departments of technology 
and industry. The antibiotics and the growth-regulating sub- 
stances of agriculture are examples within our own time. Re- 
search in applied science is certainly important and most of us 
realize that it was insufficiently encouraged before the war; 
but it is a form of long-term matricide for efforts in applied science 
to expand at the expense of pure science. A balance between the 
two kinds of efforts must be judiciously maintained. 

One of the most dangerous factors operating against pure 
scientific research today is its high cost. The facilities needed, 
especially equipment, require more and more money. This is 
not simply a matter of inflation though rising costs certainly 
play a significant part. Far more serious is the fact that increas- 
ingly complex apparatus is now required to push the front of 
science further ahead. Thus if £500 per annum as a grant 
secured so much effort ten years ago, the same sum today can- 
not secure even half the effort. The proportion is more likely to 
work out at a quarter or less; or, conversely, it requires £2000 
today to support the amount of pure research that £500 would 
have supported formerly. The scientist with a genuine capacity 
for research is in a similar situation to the poet or writer of 
Elizabethan times—he must find arich patron. That patron must 
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MeGaCl, + 2Na = 2NaCl + GaMe (15) 


Methylgallium is soluble in ammonia yielding a soly. 
tion of brick red color. Methylgallium appears to be 
complexed with two molecules of ammonia and little 
hydrogen is evolved at room temperature. This com. 
pound requires further study. 

With three equivalents of sodium, methyl gallium 
dibromide reacts slowly in the last stage and approxi 
mately one equivalent of hydrogen is evolved. Sodium 
amide is formed which complexes with the methyl. 
gallium. Again, further study is called for. 

There is little doubt that numerous compounds may 
be prepared containing two or three of the elements 
boron, germanium, and silicon. It would be of inter. 
est to know what reaction products would be formed if 
alky! aluminum and alkyl indium halides were reduced 
by means of metals in liquid ammonia. Dimethyla- 
luminum bromide and methylaluminum dibromide are 
readily prepared and they may be handled with com- 
parative ease. Altogether, we have an extensive field 
of investigation in connection with the organic deriva- 
tives of these third group elements. 


be the State, a university (whose funds in any case mainly derive 
from the State), or industry in the shape of a large company or 
an industrial association. 

In recent years there has been a praise-worthy expansion in 
all these pipelines of economic patronage but with greater public 
investment in research a tendency for greater control of the 
research worker has not unnaturally arisen. Yet for pure re- 
search pure freedom is essential. The exploratory journey can- 
not be charted and timetabled in advance. The first-class 
worker must be free to switch his effort and interest from an 
initial target to some sudden and unexpected development that 
seems more important; and he, above all, must be the principal 
judge of the wisdom in making such diversions. However much 
it may be feared that such complete freedom for the individual 
will lead to wastage, to blind alleys, or*to the over-lapping of 
efforts by different workers, the desire of fund-awarding com- 
mittees to lay down fixed programs must be suppressed. Their 
task is to pick the right men to support, to support them ade- 
quately, and thereafter to let research follow its own directions. 
Not every investment in research pays a dividend. Sometimes 
the dividend is long deferred. But those dividends that accrue 
from a few projects are so huge in relation to their capital cost 
that the ‘‘losses’’ from the others can be cheerfully written off. 
There is no executive place for the accountant in research; indeed, 
if accountancy were fully applied, many a pure research worker 
of the past should have died a millionaire (at the expense of the 
public purse) and not a comparatively poor man!—From The 
Chemical Age, Oct. 27, 1951. 
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* FINDING AND FOUNDING FUTURE CHEMISTS 


T ue specta success of Monmouth College in starting 
men on the road to the degree of Doctor of Philosophy 
in chemistry [See Lewis, H. F., “The role of the 
liberal arts college in the professional training of 
chemists,’’ J. CoeM. Epuc., 28 104-7 (1951) ] has led to 
numerous inquiries into our procedures. It therefore 
seemed advisable to offer, in this article, an account 
thereof to a journal of national circulation. The pre- 
sent writer is qualified to present the facts, since he has 
been closely associated for many years with the prime 
developer of these results 
here, but was not himself 
that developer. 

The st:mulus starting our 
activity was a criticism [| 
leveled at this school, near 3 
thetime of World WarI,for ~ 
its lack of productivity of | 
graduate students. W. S. 
Haldeman (now emeritus) 
was then the sole member 
of our chemistry staff. (He 
taught physics in alternate 
years also, during his spare 
time!) He decided to in- 
duce some of his students, 
if possible, to take graduate is 
work in chemistry. He be- 
gan by watching his first- 
year students carefully. A 
system of almost daily tests 
soon began to differentiate 
them. He singled out par- 
ticularly young men _ of 
superior scholarship in his 
courses. With such he be- 
came specially well ac- 
quainted. He would let 
them know that their good work was noted and appreci- 
ated. Signs of dereliction from the path of achievement 
—an occasional poor grade, obvious overloads of paid 
work or other extra-curricular activity—were as duly 
noted and as frankly discussed. This supervision con- 
tinued through the upper classes." By the time a student 
became a sophomore and had declared his intention to 
major in chemistry, he realized that our department had 
certain important hopes attached to him. His registra- 
tion was guided each semester. All his grades were 
sharply watched. If he had financial or other personal 
problems he knew he could bring them into the chem- 
istry office for an airing, and often did. An assistant- 
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ship would usually be found for him, if his record was 
good, often even in his sophomore year. Students who 
could not stand the discipline were helped to find a 
department where they could invest at higher interest. 
When the senior year was started, two things, the 
student knew, had to be put in order. One was his 
application for his Bachelor of Science degree, a paper 
which demonstrated that all the requirements were ful- 
filled. During each preceding registration, Haldeman 
or the additional staff which later joined him, would 


have checked to see that the courses would also serve as 
bases for graduate study. German and French, for in- 
stance, rather than less useful languages, were included ; 
and at least two years of college mathematics and a 
year of physics. 

The other matter was about the next year: graduate 
school or job? The decision was the student’s; the 
staff’s hopes were toward graduate study. If the stu- 
dent wavered or wondered, it was explained to him that 
the higher long-range profits were offered by the grad- 
uate program, in spite of the immediate job-pay. When 
graduate study was elected, careful thought was given 
to “where.”’ The student’s affection for a particular 
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division of chemistry was weighed against general repu- 
tations and publication records. Scholarship and 
assistantship stipends and living expenses were dis- 
cussed. Again, the student made the final choice. 
Then the applications were prepared. A letter, 
usually from Haldeman, to the university or universities 
in question, would let them know we had a prospect, and 
would bring the application forms. Filling in the latter 
was minutely and personally supervised by Haldeman. 
If a letter from the applicant was in order, he had to 
write a trial draft for criticism from our staff. (It is 
surprising to see how much many otherwise good 
students need to learn about the art of writing an appli- 
cation.) A photograph was taken, and with the appli- 
cant wearing a business suit rather than a turtle-neck 
sweater! Appropriate recommendations were soli- 
cited in writing. Forms were made for the student’s 
convenience in doing this, so that the prospective recom- 
mender could know where and to whom the letter should 
go; if it should be separately mailed or sent with other 
materials; and when it should be on its way. Tele- 
graph, telephone, and personal interviews were used 
when expedient. 

Recommendations were realistic. It is axiomatic 
among students that Haldeman inclines to generosity 
with his money, but stinginess with undeserved recom- 
mendations. This policyissometimes hard on an individ- 
ual laggard student, but is better for the employer, and 
for the next good student that might be moved in that 
direction. An item in the recommendations was, where 
possible, cooperative-test percentiles. These we 
thought to be even more meaningful than local grades. 
Class rank as well as grade in a chemistry course was 
usually provided. Personal qualities, honesty, etc., were 
emphasized. Withdrawals of all unaccepted applica- 
tions were made immediately after acceptance of one. 
Financial considerations were frankly faced. Very 
often a problem of this nature was solved by a personal 
loan of money from Haldeman to the student in the 
early days of this program. By the time the student 
had reached this stage, Haldeman knew him thoroughly 
and felt competent to judge his reliability; and the 
judgment was entirely in Haldeman’s hands, free of the 
inevitable confusions of a bureaucratic disbursement of 
scholarships. By putting in all his liquid assets, plus 
some money which he himself borrowed, Haldeman had 
at one time as much as $6000 out in long-time low- 
interest loans. As the first borrowers repaid, and as 
graduate stipends became larger, this circulating fund 
shrank, finally to nothing. The amount of money, 
though large for one college teacher, is not large for an 
institution, and perhaps some foundations, existing or 
prospective, may find useful information in the results of 
this experience. All Haldeman’s loans were repaid, and 
some with truly remarkable promptness. 

Very often the value of a laboratory experiment is 
lost because there is no writeup. From the first and 
through the years, careful writeups were maintained in 
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this continuing experiment in human chemical engi. 
neering. A modest annual newsletter has evolved inty 
a neatly printed pamphlet, issued now at about five. 
year intervals, stating where each chemical alumnus is, 
for whom he is working, and telling briefly of his family, 
Summaries indicate the variety of jobs held, publi. 
cations made, graduate stipends offered, war activities, 
The names are indexed. The booklet is sent to each 
alumnus of the department. Previous to each re. 
vision, a questionnaire is sent also to each, and followups 
made if necessary. Every available avenue is used to 
get information about those who fail to reply. Pain- 
staking care is expended to make the book accurate, 
and it has been found, by the way, to be a useful docu- 
ment to include with recommendations; it gives an idea 
of the caliber of the work of the person recommended, to 
a person who may not have heard of our school. The 
directory is supplemented by mimeographed news- 
letters, sent out annually. 

Although the original discussion centered about men 
who become Ph.D.’s in chemistry, there are other types 
of students among our majors, and these are given 
equally careful attention. The above-mentioned 
alumni directory tabulates especially medical degrees. 
Women graduates are represented in a variety of tech- 
nical situations. 

Moreover, students are taken to meetings of con- 
venient sections of the American Chemical Society, and 
the State Academy of Science. They are also taken in 
fairly large groups to centers of chemical industry within 
a two-hundred mile radius. Alumni and other friends 
volunteered to finance these travels. To them we owe 
much, as well as to the vast aggregate of courtesy and 
cooperation from the host institutions and industries. 

A bulletin-board display of career opportunities [See 
Chem. & Eng. News, 28, 1274 (1950) ], and career con- 
ferences are part of our present stimulation program. 

In summary, Monmouth’s method, developed by 
Haldeman and carried through today essentially on 
lines he laid down, stresses individual contact, personal 
acquaintance, systematic stimulation, and help of what- 
ever sort may be needed in the particular situation. 

It is evident that all of the items in this program are 
reproducible, except possibly the financial situation. 
Graduate appointments were fewer, and less remunera- 
tive in relationship to the standard of living, when 
Monmouth was laying the foundation for the success 
indicated in Lewis’ (loc. cit.) Table 4. Also, Haldeman 
was willing to risk his own personal saving entirely on 
the venture. In later years, the main ingredients of the 
Monmouth program have been: (a) early alertness for 
promising material, (b) persistent presentation of the 
opportunities to students, (c) careful and frequent 
counselling, involving personal as well as technical 
factors, (d) pushing the candidate to initiate action and 
follow through, as needed, and (e) keeping records and 
disseminating information about placements to the 
alumni themselves, and others. 
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8 A LABORATORY SAFETY PROGRAM 


Don’t Let it Happen 


to You 


Dvrrine the spring semester of 1948-49 our laboratory 
safety program lost effectiveness. The frequency of 
minor accidents increased and more than the usual 
portion of the laboratory periods had to be devoted to 
safety instruction. The following year one of our senior 
students, a laboratory assistant, designed a series of pic- 
ture stories for our bulletin boards. Interest in these 
photographs was much greater than in the usual 
poster series which are available. Accidents dropped in 
number and the time necessary for safety instruction 
during the laboratory periods gradually returned to 
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Watch it! 


normal. Interest in the photographs was probably due 
to the fact that most of the students were personally 
acquainted with the people in the pictures. 

The photographs were thumbtacked to the bulletin 
board with caption cards written in longhand in order 
to give the display an informal, personal aspect. 
Students flocked around the pictures each time a new 
series appeared. 

Of course, increased safety consciousness among the 
instructors may have had something to do with the 
improved safety record. 
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APPROACH 


Tue concept of hyperconjugation, first suggested by 
Baker and Nathan seventeen years ago (1) is seldom 
mentioned in the introductory organic chemistry 
classes, although others equally “advanced” and not 
less difficult subjects have won their places in these same 
courses. This is unfortunate since a knowledge of the 
principal features of the hyperconjugation effect is 
essential to the understanding of a number of facts in 
the chemistry of the unsaturated hydrocarbons. At 
the advanced level there are detailed reviews of the sub- 
ject (2, 3), which has been treated by the molecular 
orbital method by Mulliken and his co-workers (4, 4). 
However, apparently there is not in the literature an 
elementary approach to the subject and we believe that 
the following treatment may be useful to many organic 
chemistry teachers who wish to introduce the concept of 
hyperconjugation together with that of “normal”’ reso- 
nance to their sophomore or junior students. 

Possibly the best manner to teach the concept of 
hyperconjugation to the beginner student is to give an 
account of its experimental basis. For didactic reasons 
the empirical evidences of hyperconjugation may be 
divided into three categories, namely, kinetic, thermo- 
chemical, and spectroscopic evidences. 


KINETIC EVIDENCE 


In 1935 Baker and Nathan (7), studying the following 
bimolecular reaction between p-substituted benzyl bro- 
mides and pyridine with dry acetone as solvent, 


H. 
+ 
x— —N Br 


found that the reaction rate increases in the order X = 
NO, < H < alkyl radicals, that is, with the increasing 
electron release tendency of the substitute group. It is 
a firmly established fact that the electron-release ten- 
dency of the alkyl radicals due to the inductive effect 
alone follows the order Me < Et < iso-Pr < ter-Bu. 
Rather surprisingly, however, Baker and Nathan found 
that the rate of this reaction increases in the order X = 
H < ter-Bu < iso-Pr < Et < Me’. 

We may explain this apparently anomalous behavior 
as follows: 


1 This behavior is described in the literature as the ‘“Baker- 
Nathan effect.’’ 


HYPERCONJUGATION: 
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When an atom or group of atoms with an available 
electron-pair is bonded to a conjugated system of 
double bonds there occurs resonance between structures 
I and II, resulting from the electronic displacements: 


X—C=C—C=C—C— 


x—C=C—C=C— x=C—C=C—C— 
I I 


In the same way, when an alkyl group is bonded toa 
conjugate system there may occur resonance between 
structures III and IV: 


H—C—C=c—c=C— 


= 
H—C—C=C—C=C— H C=C—C=C—C— 
III IV 


The number of resonance structures of the types III 
and IV will increase as the number of the C—H bonds of 
the carbon atom in the alkyl group bonded to the con- 
jugated system increases. Since there are three such 
C—H bonds in methyl, two C—H bonds in ethyl, one 
C—H bond in isopropyl, and no C—H bond in ter-butyl 
(the carbon atom refers to the one directly bonded to the 
conjugated system), the effect will be greater for methyl 
and will progressively decrease as far as ter-buty]l, as 
found by Baker and Nathan. Mulliken, Rieke, and 
Brown (4, 5) have shown that this hypothesis is com- 
patible with the molecular orbital theory and called it 
hyperconjugation? to distinguish it from normal con- 
jugation. 

Many other kinetic evidences for hyperconjugation 
may be found in the original literature but we will not 
describe them here (6, 7). 


THERMOCHEMICAL EVIDENCE 


Even those students who have had only the funda- 
mental principles of the resonance theory know that a 
resonating structure is always associated with lowered 
free-energy content, that is, increased stability of the 
molecules. The hyperconjugation effect should like- 
wise produce greater stability of the alkyl-substituted 
olefins compared with the nonsubstituted ones. Table 
1 shows the heat of hydrogenation of some mono-olefins 
as determined by Kistiakowsky and collaborators (8). 

It can be seen from the above data that the stability 


2 Second order hyperconjugation need not be considered here. 
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TABLE 1 
Wo. of C—H hypercon- —AH 
jugated bonds Olefin Kg.-cal./mol 
0 H—C={C—H 32.8 
Lt 
3 H—C=C—CH; 30.1 
H 
6 H—C=C—CH; 28.4 
CH; 
| 
12 H;C—C—=—C—CH; 26.6 


of the olefins increases (since their heats of hydro- 
genation decrease) as the number of hyperconjugated 
C—H bonds increases. 

From thermochemical data it can also be shown that 
hyperconjugation, such as is present in propylene, pro- 
duces a resonance energy of the same order of magnitude 
at the conjugation between two double bonds, as in 
1,3-butadiene. In fact, the difference in the heats of 
hydrogenation of ethylene and propylene is 2.7 kg.-cal./ 
mol and that between 1,4-pentadiene (isolated double 
bonds) and 1,3-butadiene is 60.8 — 57.1 = 3.7 kg.-cal./ 
mol (9). 


SPECTROSCOPIC EVIDENCE 


It is found experimentally that a compound with con- 
jugated double bonds absorbs light of a longer wave- 
length than a similar compound with isolated double 
bonds. Furthermore, as the number of conjugated 
double bonds increases, the absorption shifts to pro- 
gressively longer wave lengths. For instance, the ex- 
treme ethylene absorption band is 1900-2000 A, that of 
1,3-butadiene is 2100 A and that of 1,3,5-hexatriene is 
2500 A (10, 11). In the case of the substance 2,4,6,8,- 
10,12-tetradecahexaene the absorption occurs in the 
visible band and the compound is therefore colored. 
This fact is attributed to resonance between conjugated 
double bonds the number of the resonating structure 
increasing with the number of conjugated bonds. 


TABLE 2 
Refer- 
Hydrocarbon Formula Debyes) ences 
H 
Propylene H.C—C—CH; 0.35 13 
H 
2,4-Pentadiene 0.68 14 
2-Methyl-1,3- H,C—C—C=CH; 0.38 14 
butadiene | 
CH; 
Toluene C.H;—CH; 0.37 13 
p-Xylene* p-H;C—C,H,—CH; 0.00 15 
o-Xylene o-H;C—C,H,—CH; 0.62 15 


*Symmetrical molecule 


A similar effect has been observed in alkyl-substi- 
tuted ethylenes. For example, Amax for ethylene is 
1630 A, for propylene it is 1730 A and in the case of 
tetramethylethylene Amex = 1840 A (10, 11). Mulliken, 
Rieke, and Brown (4) have shown that this is precisely 
what one may expect to observe as the number of hyper- 
conjugated C—H bonds increases. 


The evidence for hyperconjugation from dipole 
moment measurements (/2) is not conclusive and re- 
cently has been disproved. This refers to the fact that 
although the dipole moments of the saturated hydro- 
carbons and of ethylene are zero, this is not the case 
with some alkylsubstituted mono- and di-olefins (see 
Table 2). 

These dipole moments could be attributed to two 
factors, namely, hyperconjugation involving the C—H 
bonds of the methyl groups or charge transfer due to 
the difference in the electronegativity of a saturated 
carbon (sp* hybridization) and an unsaturated carbon 
atom (sp? hybridization). In the last few years it has 
been shown by theoretical calculations that the induc- 
tive effect alone is responsible for the dipole moments 
of these substances (/6). 

Since hyperconjugation represents a stabilizing in- 
fluence it plays an important role in the thermody- 
namics of certain reactions of the mono- and poly-olefins. 
An interesting and simple account of the applications of 
the concept of hyperconjugation to these subjects has 
recently been published by Baker (/7). 
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* COLLEGE AND UNIVERSITY RESEARCH IN 


CHEMISTRY 


TT wo out of three chemists on the faculties of American 
colleges and universities now have one or more research 
projects underway. These studies—and the graduate- 
level teaching and administration associated with them 
—take at least half the time of those faculty members 
involved. A full-time research staff of over 1300 senior 
workers would be needed to equal the research effort 
this represents. 

Yet there remains room for still more research with- 
out sacrificing teaching in the chemistry departments at 
most educational institutions. Today, with an urgent 
need for all scientific and technical studies, the problem 
is to find and fill the holes in this national pattern of 
chemical research activity. 

A survey of American college and university research 
resources by the Engineering College Research Council 
shows a total of 3711 faculty and full-time senior re- 
search staff members in chemistry at 476 institutions. 
Of these, 89 per cent are considered by their institutions 
to be qualified for research, and 73 per cent of these 
potential researchers have projects underway. 

There are 6949 graduate students and junior staff 
members now engaged in research in chemistry, and 
they, too, spend about half time on their projects. 

The Engineering College Research Council survey 
covered all physical and engineering sciences. Chemis- 
try ranked at the top of the list, with more faculty 
members and graduate students—and more research 
underway—than in any other of the fields surveyed. 
In all, over 24,000 faculty members and an equal num- 


ber of graduate students were reported. Chemists 


numbered 15 per cent of the total in both categories. 
The survey project was undertaken by the Engineer- 

ing College Research Council, a unit of the American 

Society for Engineering Education, at the suggestion 


and with the cooperation of the Department of Defense 


Research and Development Board. It was completed 


under the direction of the Research Council’s Commit- 


tee on Relations with Military Research Agencies, of 
which Dean A. F. Spilhaus of the University of Minne- 
sota is chairman.'! The first report of results was made 


1 Members of the Committee, in addition to Dean Spilhaus, 
are Dr. A. P. Colburn, University of Delaware; Dean W. L. 
Everitt, University of Illinois; Professor F. B. Farquharson, 
University of Washington; 
Michigan; Dr. Paul E. Klopsteg, Northwestern University; 
President J. R. Van Pelt, Montana School of Mines; and Dean 
Eric A. Walker, Pennsylvania State College. 


Council. 


Dr. C. W. Good, University of 


Dr. Gerald A. 
Rosselot, Georgia Institute of Technology, is chairman of the 


JOHN I. MATTILL 


Massachusetts Institute of Technology, Cambridge 
Massachusetts 


by Dean Spilhaus at the 1951 annual meeting of the 
A.S.E.E.? 

To compile a national inventory of college and wi- 
versity research potential, the Committee sought data 
from all four-year educational institutions on the nun- 
bers of faculty available, their present research commit- 
ments, and their specia! interests and qualifications 
Though aware of the shortcomings of the questionnaire 
process, the Committee adopted that method as being 
the only possible way to meet the recommended time 
schedule and to yield data suitable for mechanical 
processing and comparison. 

Only 250 of the nation’s 1000 four-year colleges and 
universities failed to make specific reports on personnel, 
present research commitments, and special interests. 
An informal review of this list of schools from which no 
replies were received suggests to the committee that 
“substantially all” of the national potential for research 
in colleges and universities in the physical and engineer- 
ing sciences is reported. 

Of the 750 colleges replying, 513 listed personnel 
qualified for research in one or more of the physical and 
engineering sciences. The remaining 237 replied that 
their staffs were not active in these fields. The totals, 
from the 513 schools, are shown in Table 1. In sum- 
mary, they show: 

1. Nearly 25,000 faculty members in all physical 
and engineering sciences. 

2. Of these, 20,000 are considered qualified to par- 
ticipate in research. 

3. At least 12,700 of these are now active in re 
search. 

4. An average of 27 per cent of all faculty time is 
spent on research. 

5. At least 45 per cent of this research time is al 
ready devoted to defense projects—studies sponsored 
by military agencies, the Atomic Energy Commission or 
their industrial contractors. 

“Putting these figures another way,” Dean A. F. 
Spilhaus of the University of Minnesota pointed out, 
“‘of the 25,000 faculty members reported, one-half ar 
active in research; these spend about one-half of their 
time in research, and one-half of this is devoted to 
military research. This means that one-eighth of the 
total college effort in these fields of engineering and 
physical sciences is already devoted to defense research.” 


A. F., ano Joun I. “Summary 
Resources for University Research,’ Journal of Engineerinj 
Education, Vol. 42, No. 5, (January, 1952), pp. 270-9. 
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More research is now underway in chemistry than in 
any other of the engineering and physical sciences. 
Chemists are second only to physicists in their contri- 
bution to defense research. Together, chemistry and 
physics account for one-third of the defense research 
total; nearly one-half is in the three areas of chemistry, 
physics, and electronics. ‘“This,” the Committee re- 
port notes, “is convincing evidence that colleges and 
universities are maintaining emphasis on the funda- 
mental sciences. They must continue to resist the 
temptations to undertake extensive assignments in 
applied research and development.” 


SUBSTANTIAL CHEMISTRY RESEARCH RESOURCES 


The Engineering College Research Council’s figures 
show 3711 faculty members and full-time senior re- 
search personnel in chemistry in 476 schools. Of these 


lent to the full-time work of 3468 junior research staff 
members. The ratio of junior to senior staff, 6949 to 
3711, is considerably higher in chemistry than in most of 
the engineering and physical sciences covered. 

A broad range of chemical fields is represented by this 
research manpower. Schools surveyed were asked to 
indicate areas in which one or more faculty were 
experienced and qualified, and the full report of the proj- 
ect? identifies the schools and details the personnel re- 
sources reported by each. Organic chemistry, physical 
chemistry, analytical chemistry methods, and inorganic 
chemistry—in that order—were the most popular cate- 
gories. 


THE DISTRIBUTION OF CHEMISTRY RESEARCH 


Where are these chemistry research resources? 
Research now underway in chemistry shows a distri- 


TABLE 1 


College and University Research in Physical and Engineering Sciences 


Total number 


Number of Number of | Number of 
( 


Number of | Number of Number of 


of faculty and (A) co now full-time re- ‘‘equivalents”’ graduate full-time 
full-time ered quali- engaged in search workers in (D) now en- students and workers to 
research per- fied todore- research to which (C) gaged in de- assistants en- which (F) is 
sonnel search is equivalent fense research gaged — equivalent 
searc 
A B D E F G 
Aeronautical engineering 652 597 437 289.7 236.8 566 284.2 
Astronomy 279 247 160 105.3 39.5 225 130.1 
Ceramics 216 200 156 108.8 42.0 215 122.0 
Chemical engineering 735 701 564 279.8 99.4 1,699 807 .4 
Chemistry 3,711 3,320 2,436 1,316.1 506 .2 6,949 3,468.4 
Civil and sanitary engineering 1,698 1,429 654 313.6 112.1 936 443.1 
Earth sciences 1,448 1,322 964 452.4 172.0 2,086 861.5 
Electrica] engineering 1,497 1,238 602 288.1 219.1 1,125 456.5 
Electronics 1,119 1,032 626 387 .2 313.8 1,107 557.8 
Food technology 755 634 420 272.6 52.6 692 346.7 
Industrial engineering 536 421 173 77.0 14.1 352 108.9 
Marine engineering 78 71 35 ia 12.5 24 13.9 
Mathematics 3,297 2,262 1,167 570.0 209.3 1,496 640.7 
Mechanical engineering 2,003 1,660 716 327.1 150.5 1,120 434.5 
Mechanics 964 821 425 213.3 119.3 557 244.6 
Metallurgical engineering 488 458 349 187.6 131.7 757 387 .7 
ining engineering 136 129 82 44.4 11.0 129 50.0 
Petroleum and fuels engineering 209 195 112 72.7 12.5 197 81.7 
Physics 2,628 2,272 1,546 866.6 609.3 3,392 1,562.1 
Psychology and human resources 2,432 2,029 1,242 554.7 227.1 3,162 1,141.0 
Totals 24,881 21,038 12,866 6,744.8 3,290.8 24,786 12,142.8 


3320 are judged qualified to participate in research proj- 
ects, and 2436 of them are now engaged in research. 
This effort is equivalent to the work of a full-time re- 
search staff of 1316 and of these “equivalents” 506 
would be engaged in defense projects for military agen- 
cies or their contractors. 

These figures seem to show that research accounts 
for slightly more than one-fifth of the total college effort 
in chemistry; and of this research nearly 40 per cent is 
devoted to studies for defense. This means that, on an 
average, 14 per cent of today’s total college effort in 
chemistry is expended on defense research. In some 


schools with heavy defense assignments this figure is 
far higher—perhaps to the detriment of effective teach- 
ing. 

A total of 6949 graduate students and assistants in 
chemistry research was reported by the survey, equiva- 


bution which is typical of that found in all the physical 
and engineering sciences. Expansion of research to 
meet new national needs seems to depend on effective 
decentralization. 

Of the 3711 chemistry faculty and senior research 
workers, 2070 (56 per cent) are at 104 large universities; 
institutions with extensive professional and graduate 
schools. Nine out of ten of these teachers are consid- 
ered qualified to do research, and nine out of ten of these 
qualified faculty members have research underway. 
According to the institutions’ reports, those teachers 
who have research underway spend nearly 60 per cent 
of their time on these studies, almost half of which are 


3 Copies of this full report, entitled “University Research 
Potential,’’ are available from the Secretary of the Engineering 
College Research Council at Room 7-204, 77 Massachusetts 
Avenue, Cambridge 39, Massachusetts, at $1.00 each. 
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TABLE 2 
Distribution of College and University Chemistry Research 


Total Number Number Number of Number of Proportion 
number of of (A) of (A) full-time “equivalents” of quali 
faculty and considered now research in (D) now faculty (B) 
full-time qualified engaged workers engaged in with no 
research to do in to which (C) defense research in 
personnel research research is equivalent research progress 
A B 
Nine universities with most defense re- 
search in progress 324 297 291 177.0 132.0 
Ninety-five other major universities 1746 1591 1381 798.3 282.2 
Total at 104 major universities 2070 1888 1672 975.3 414.2 11% 
Total at 93 smaller universities 644 564 549 161.8 21.5 38% 
Total at 279 liberal arts colleges 997 868 415 179.0 70.5 52% 
Total at 476 colleges and universities 3711 3320 2436 1316.1 506.2 


sponsored by defense agencies, as shown in Table 2. 

At 372 other schools—including smaller universities, 
teachers colleges, and liberal arts colleges—are 1641 
chemistry faculty members. Nine out of ten of these 
teachers, too, are considered qualified for research, but 
fewer than half of those qualified have any research in 
progress. Those who do have research underway de- 
vote only 27 per cent of their time to it, and less than 
one-third of this work is for defense needs. 

To summarize: Three-quarters of the college and 
university chemistry research are at 104 major univer- 
sities, in the hands of just over half of the nation’s total 
of qualified faculty members. The other half of the 
qualified chemistry teachers, at 372 smaller schools, 
share the remaining one-quarter of all research. The 
chances appear to be nine in ten that a qualified chemist 
in a large university will have research opportunities as 
a part of his academic work. At asmaller institution, a 
similarly qualified teacher has only an even chance of 
getting research underway. 


THE CONCENTRATION OF CHEMISTRY, DEFENSE 
RESEARCH 


Chemistry research under military sponsorship shows 
a still more distinct trend to concentration. The 104 
major universities now have 81 per cent of all chemistry 
studies made possible by federal defense money. 

Nine of these large schools, with 9 per cent of the 
nation’s total qualified faculty members, are doing 26 
per cent of all the defense-sponsored chemistry research 
in the United States. At these schools, only six of the 
297 qualified faculty members are without research 
assignments. Those who have research in progress 
spend 60 per cent of their time in their laboratories, and 
nearly three-quarters of their efforts go to defense 
studies. 

This is not the whole story, of course; it needs 
qualification and some reservations. Large univer- 
sities, with many graduate students, have vastly more 
resources which are appropriate to advanced research. 


4The nine are University of Minnesota, Massachusetts 
Institute of Technology, Carnegie Institute of Technology, 
University of Illinois, University of Michigan, Ohio State 
University, University of California (Berkeley), Johns Hopkins 
University, and Oregon State College. 


Where there are many graduate students, the research 
of these students in meeting their advanced degree re- 
quirements involves faculty members. This records as 
“research time” though it is well within any definition of 
teaching duties. 

Despite these reservations, however, there is ob- 
viously an uneven distribution of chemistry research 
opportunities weighted in the direction of the larger 
institutions. 

LOCATION OF UNTAPPED RESEARCH RESOURCES 

The Engineering College Research Council’s survey 
was prompted by the growing scarcity of research talent 
to meet the needs for more fundamental research. 
These needs became acute shortly after the Korean war, 
and since then research and development in the physical 
and engineering sciences have been limited not by avail- 
able funds but by available research manpower. Ac- 
cording to Research and Development Board figures, 
the total military research and development budget has 
risen from $500 million before Korea to $1.3 billion in 
1952. Colleges and universities were responsible for 
9 per cent of the 1951 research and development total; 
they must have at least this same share of the consider- 
ably larger 1952 effort.’ ‘Fully effective use of college 
and university resources,” the Engineering College 
Research Council Committee predicted, ‘“‘may con- 
siderably raise the ceiling placed on research and 
development progress.”’ 

According to the survey’s figures, there are 3320 
chemists in colleges and universities who are now 
qualified for research. Of these, 884 have no research 
in progress. If each of these “unemployed” chemistry 
faculty takes on one-third time research, the total of 
chemistry research in these schools will be increased by 
the equivalent of 295 full-time workers, a growth of 22 
per cent. 


Where is this potential for increased service? 

In the “big nine” universities with the largest share of 
defense research only six qualified faculty member 
have no studies underway. In 104 large universities, 
including this “big nine” group, are 216 faculty mem- 


The 


5 WaLKeR, Eric A., ‘Research and Development: 


Nation’s Balance Sheet in June, 1951,’’ Journal of Engineering 
Education, Vol. 42, No. 3 (November, 1951), pp. 126-33. 
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bers qualified but not now active in research. This is 
less than 12 per cent of the total number of qualified 
teachers in these schools. 

At 93 smaller universities and technical schools— 
four-year institutions where there is little emphasis on 
graduate degrees—only 349 out of 564 qualified faculty 
members have research in progress. The 215 faculty 
available here represent 38 per cent of the potential at 
these institutions. 

The 279 liberal arts and teachers colleges which con- 
tributed to the Research Council’s inventory reported 
868 qualified faculty members, of whom 453 have no 
studies underway. Here more than half of the available 
total remains to be put into research service. 

Not all these scientists are equally qualified. It is 
natural that contractors, both military and industrial, 
who are particularly concerned with getting, at mini- 
mum effort, every value for their research dollar have 
turned first to the largest institutions where talents in 
widest variety are available. But today’s shortage of 
research manpower suggests revision of this approach; 
the Engineering College Research Council figures in- 
dicate that would-be contractors may profitably make 
amore careful search through the rosters of the smaller 
faculties. 

The lack of certain specialized equipment may also 
limit the research undertakings at smaller schools. But 
manpower is the most critical need; where manpower is 
available, the Research Council committee believes 
that necessary equipment to implement research can 
probably be supplied. And it is far better to move re- 
search equipment than to move research scientists— 
particularly when moving the scientists disrupts their 
teaching programs. 


THE BENEFITS OF RESEARCH EXPANSION 


The national interest clearly lies in expanding and 
broadening the research opportunities at all educational 
institutions—subject only to the important reservation 
that the colleges’ first purpose and responsibility are their 
teaching programs. If overemphasized, research can 
become the tail that wags the dog, pulling teachers out 
of classrooms and away from their students. Within 
sensible limits, and properly integrated into academic 
life, research has important benefits for teachers and 


559 
TABLE 3 
Number of colleges reporting one or more faculty members 
interested or competent in research in: 
Analytical chemistry methods........................ 313 
Atomic and nuclear structures....................... 48 
Chemical reactions and equilibria............... ..... 180 
Chemical 151 
Radiochemistry and tracer methods................... 115 
Subjects of specialized research: 

62 
Germicides, insecticides, and fungus control............ 53 
Nutrition and food technology....................... 120 
Paints, varnishes, and 38 
71 
Photochemistry and the chemistry of photography....... 47 
Rubber and related polymers......................-- 54 
Synthetic resins, fibers, and plastics................... 60 
Water and sanitary chemistry........................ 64 


their students. Chemists need no itemized list of these 
gains: research helps schools give more interesting 
opportunities and better salaries to competent faculty; 
students benefit directly from an acquaintance with 
research problems and methods, and indirectly from the 
faculty’s new outlooks which inevitably are the result of 
research activity. 

College and university research is an investment that 
returns double dividends: While the research results 
contribute to fundamental knowledge, the projects in 
progress strengthen the teaching programs and promise 
more and better-qualified scientific manpower for the 
future. Today’s critical needs provide a remarkable 
opportunity to broaden college and university research 
experience and so to capitalize on the benefits it bestows. 
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Symposium on the Preparation of College Chemistry Teachers’ 


TEACHERS 


Our nation is faced with a crisis in scientific man 
power. Charles E. Wilson, Director of Defense Mo- 
bilization, has said: “The supply of scientific and en- 
gineering graduates in 1951 is less than half that needed 
to fully man our economic and defense program. Pres- 
ent indications are that the number of scientifically 
trained graduates will steadily decrease at least until 
1954 while demands of essential civilian and defense 
programs, in the same period, will continue to increase.”’ 
One of Mr. Wilson’s recommendations for attacking 
the problem is for colleges to encourage more students 
to major in science. A college chemistry teacher who 
excels both as a chemist and as a teacher is the strongest 
magnet for attracting into our profession the young 
people we need. Every chemist—whether he be 
working in industry, college, university, or for the 
government—has a vital stake in finding the best ways 
to prepare more and better chemists. 

A survey conducted by the author in the fall of 1951 
indicates that during the last few years about 9 per cent 
of the men and women who received Ph.D. degrees from 
departments of chemistry in 30 universities accepted 
positions as college teachers of undergraduates. An- 
other 12 per cent accepted positions in universities 
where considerable research activity is expected of the 
teaching staff. (There are wide variations in per- 
centages reported by different universities. The fig- 
ures on college teachers range from 0 to 27 per cent 
with the median at 9 per cent; on university teachers 
from 3 to 30 per cent with the median at 12 per cent). 
Should the graduate experience of the small per- 
centage of candidates for the Ph.D. degree who will 
become college teachers contain some basic instruction 
in teaching? If so, how should this instruction be 
given? It may help us to find some answers to these 
questions if we consider what the person who aspires 
to be a college chemistry teacher should know. 

The college chemistry teacher has two principal, 
equally important, and intimately related jobs to do: 
(1) He must teach chemistry, (2) He must teach 
students. He must have mastery of chemistry and 
deep, human understanding of young people. What 
knowledge, skills, and attitudes must our paragon of 
college chemistry teachers possess as a chemist? 


* Presented at the 121st Meeting of the American Chemical 
Society, Buffalo, New York, March, 1952. 


« THE PARAGON OF COLLEGE CHEMISTRY 


EDWARD C. FULLER 
Champlain College, Plattsburgh, New York 


Knowledge of Chemistry. He must be thoroughly 
grounded in the fundamentals of inorganic, organic, 
analytical, and physical chemistry. To achieve this 
background he must be proficient in mathematics up 
through the level of the calculus and in physics up to 
intermediate college courses in this field. If he is to 
teach courses more advanced than general chemistry he 
must be especially proficient in at least one of the four 
basic areas of chemistry mentioned above or in an in- 
terdisciplinary field such as biochemistry, geochemistry, 
chemical physics, etc. He must have a reading knowl- 
edge of scientific *rench and German. He must be 
thoroughly familiar with the literature of chemistry. 

Chemical Skills. He must be able to handle chemical 
apparatus with dexterity in order to carry out chemical 
processes efficiently. He must be skillful in translating 
experimental observations into rational—often mathe 
matical—concepts and conclusions. He should be able 
to design and construct special apparatus for particular 
purposes. He must be able to search chemical liter- 
ature systematically and rapidly. 

Attitudes as a Chemist. He must have an interest ip 
research. He should carry on some research. If no 
space or funds are available in his college for laboratory 
research he should keep up to date with the experi- 
mental work others are doing along the lines of his 
special interest. He must have sufficient interest in 
chemical books and periodicals to scan many of them 
and read some intensively. Though he may never have 
the time to make an important original contribution to 
chemical knowledge, he must keep his mind as alert and 


as open to new ideas as the minds of chemists whose § 


chief activity is research. He must have pride in his 
profession as a chemist and must participate to the 
limit of his resources in the national, regional, and local 
activities of the American Chemical Society. 

What knowledge, skills, and attitudes must our para- 
gon of chemistry teachers possess as a teacher? 

Knowledge of teaching. To teach with maximum 
effectiveness every teacher must have a_ thorough 
knowledge of the learning process. How do people 
learn? Why do they learn? Do they learn some 
things by one process and others by another? How can 
the learning process be accelerated? What impedes 
learning? What is the fundamental role of the teacher 
in the learning process? How can laboratory work be 
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organized most effectively to stimulate learning? These 
are but a few examples of broad questions every chemis- 
try teacher needs to answer for himself. 

The teacher can only catalyze the rate of learning by 
his students; he cannot do their learning for them. As 
chemists we know that catalysts can have either posi- 
tive or negative effects—that they may accelerate or 
inhibit reactions. As teachers we want to be acceler- 
ators but we all know instances in which students have 
learned effectively without teachers—in some cases in 
spite of poor ones. 

A chemistry teacher must know not only what he 
teaches but why he teaches it. He must have a clear 
idea of the function his course fulfills in the professional 
development of his students. Not all courses have 
identical objectives—nor should they. The teacher of 
freshman chemistry must modify his aims and methods 
when he deals with seniors. The chemistry curriculum 
should be thought of as a whole, each separate course 
making not only a general but a particular contribution 
to the growth of the embryonic chemist. 

The teacher must recognize the dual function he has 
to perform. He is both the coach and the referee as 
his team of students engages in the strenuous game in 
which Learning must beat Ignorance. He must do all 
he can to help his students learn but he must also rate 
their performance as objectively as possible. He must 
be sympathetic with his students as they struggle to 
learn but he must grade their achievements with de- 
tached impartiality. 

The confusion that often exists in students’ minds 
about the teacher’s dual role is aptly illustrated by 
what a college student once said to me. “I can’t un- 
derstand my English teacher,” said this young man. 
“In class he rewrites all my themes for me and then 
never gives himself a grade that’s better than a C!”’ 

Teaching Skills. In his role as referee, the chemistry 
teacher must be thoroughly familiar with many different 
devices for evaluating students’ progress. He must rec- 
ognize the usefulness of the short quiz as a spur to stim- 
ulate study as well as to measure achievement. He 
must understand how evaluations of students’ achieve- 
ment obtained from objective tests differ from and 
complement those based on essay examinations. He 
must distinguish the different functions of different 
kinds of laboratory reports. He should discern the 
advantages—and the drawbacks—of examining his 
students by standardized tests with national norms 
like the American. Chemical Society Cooperative Tests 
in Chemistry. He should recognize the contribution 
that students’ term papers and oral reports can make 
to his judgment of their progress. 

In his role as coach, the chemistry teacher has four 
primary functions: 

(1) To bring to the attention of his students the best 
printed sources of knowledge with which a particular 
course is concerned. In selecting these sources he must 


consider both the accuracy and complexity of the 
knowledge they present as well as the clarity of pres- 
entation. 


He must choose accurate material which 


will neither confound the student with its difficulty nor 
bore him with its simplicity. 

(2) To condense or amplify the knowledge set forth 
in these sources in order to give his students perspective 
in the field of study. The teacher must help each 
student build a growing intellectual framework to in- 
corporate new knowledge with that already learned. 

(3) To give chemistry on paper new dimensions in 
the laboratory. The teacher must help his students to 
bridge the difficult gap between talking about chemistry 
and “doing” it. Conversely, the teacher must help the 
student to translate his experience with things into clear 
thinking about phenomena. 

(4) To stir the student’s imagination and broaden 
the horizons viewed with his mind’s eye. The paragon 
of chemistry teachers will nurture youth’s curiosity and 
enthusiasm which are so precious for the development 
of good chemists. 

What skills must a chemistry teacher cultivate as he 
progresses paragonward? Obviously he must be able 
to read critically, to write lucidly, and to listen under- 
standingly. He must know how to ask questions as 
well as how to answer them. He should be able to 
lecture effectively and to lead small groups of students 
in the search for their own answers to their questions. 
He must be able to help students learn the arts of 
laboratory experimentation without doing this work 
for them. He should be skillful in guiding students 
toward optimum development of their potentialities. 
In all his teaching, he should inspire within his students 
a love of chemistry and a desire for high achievement in 
it. 

Attitudes as a Teacher. The alert chemist is eager to 
improve his knowledge and skills in chemistry. The 
alert teacher is eager to improve his knowledge and 
skills in teaching. Our paragon of chemistry teachers 
will continually improve in both fields. 

Because chemistry is a rapidly growing science, he 
will have to work hard just to keep abreast of forward 
progress in his field, be it inorganic, organic, analytical, 
or physical. Like Alice and the Red Queen, he must 
run faster and faster just to keep up with the scenery. 
He who doesn’t run soon becomes an antiquary. While 
published articles which are the staff of life for the re- 
search chemist may not be so for the chemistry teacher, 
the latter must have a regular ration of reading in peri- 
odicals which offer articles outlining broad developments 
in his field. The JourNAL or CHEMICAL EpucATION 
and Chemical and Engineering News should be two of 
the staples in, his reading diet. New textbooks written 
primarily for graduate courses and some A. C. 8. 
Monographs are sources of intellectual nourishment he 
should not overlook. The growing number of books 
and articles devoted to critical summaries of knowledge 
in particular phases of chemisiry are especially helpful to 
the teacher. More of these are greatly needed. Per- 
haps the Society’s Division of Chemical Education and 
its JOURNAL can become increasingly helpful in sponsor- 
ing such publications. 

While the criteria by which a chemistry teacher 
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selects books and periodicals for his technical library 
will necessarily differ from those of the research 
chemist, the teacher’s contacts with new ideas in 
chemistry must be rich and varied. Love for learning 
is an attitude indispensable above all others for the man 
who would be teacher. 

Because teaching is an art—and the artist’s growth in 
stature depends more upon exercising his talent than 
on increasing his technical knowledge—our paragon 
must continually refine his teaching skills. Only by 
constant practice will he approach perfection in them. 
To become a really fine teacher, he must be as ruth- 
lessly critical of his artistry as the painter or the 
musician. The best teacher is frequently less satisfied 
with his work than the mediocre man who fails to re- 
cognize his own shortcomings. 

While recognizing, as an artist, the need to improve 
his teaching skills, our paragon will also be on the alert 
for any major developments in knowledge about the 
learning process. New knowledge may bring new 
means for more effective teaching. New devices may 


TEACHERS 


Tue problem of the preparation of college chemistry 
teachers is actually a multiple one. With the wide- 
spread development in recent years—particularly in 
certain regions such as my own state of Texas—of 
junior colleges or “community” colleges, one can rec- 
ognize at least three reasonably distinct types of college 
chemistry teacher for whom training must be provided: 

(1) Those who may spend essentially full time in 
teaching courses on the freshman and sophomore levels 
such as are commonly provided in the junior colleges. 
They may on occasion handle adult classes or ‘“‘on-the- 
job” training units, but in general these also are com- 
parable to the introductory college level. 

(2) Those who may spend full time in teaching 
undergraduate courses, but in programs such as offered 
by the smaller “senior’’ or “four-year’’ colleges which 
cover the entire undergraduate range through physical 
chemistry and into certain of the more specialized 
branches of chemistry. 

(3) Those in the larger senior colleges and the 
universities, whose duties include both classroom teach- 
ing at the undergraduate level and participation in 
graduate programs. The latter often involves some 


teaching in advanced courses on specialized topics but 
usually places major emphasis on research, both as an 
active personal program and in the training of graduate 
In discussing this group, “teaching”’ 


research students. 
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be found to lighten the teacher’s load. An attitude of 
open-mindedness toward new ideas in education is ap 
asset to any college chemistry teacher. 

A genuine, friendly interest in the intellectual growth 
of his students is the sine qua non for our paragon of 
college chemistry teachers. That this interest might 
well encompass their emotional, social, and even spirit. 
ual growth would be denied by few and endorsed by 
many. A man teaches best when the light of his mind 
is suffused with the warmth of his soul. 

The paragon of teachers grows constantly in under. 
standing of what he teaches, whom he teaches, how and 
why he teaches. We can hardly improve on a descrip- 
tion of him written more than five hundred years ago by 
Geoffrey Chaucer: 


Of study took he utmost care and heed. 

Not one word spoke he more than was his need; 
And that was said in fullest reverence 

And short and quick and full of high good sense. 
Pregnant of moral virtue was his speech; 

And gladly would he learn and gladly teach. 


REORIENTATION FOR TRAINING CHEMISTS AS 


ROBBIN C. ANDERSON 
University of Texas, Austin, Texas 


will be used in reference to this training of research 
students as well as classes. Proper training in research 
—helping a student to learn to tackle his own prob- 
lems in the laboratory, without simply directing him to 
answers—requires teaching of high caliber and is a prob- 
lem of major importance for graduate faculties. It is 
likely to be particularly difficult at present, when thesis 
problems are so often interlinked with “contract’’ re- 
search and the accompanying time schedules. 

I would like in this paper to center attention primarily 
on the problem of preparation of teachers of this last 
group, those who become members of a university-type 
faculty. 

However, as a matter of possible general interest, | 
will summarize briefly two programs for training 
teachers which are being developed at the University of 
Texas. Oneisa program fora B.S. in Education degree 
planned especially for science teachers. It includes a 
core of education courses (24 semester hours) plus 4 
major program in science (57-9 semester hours). The 
remainder of the 126 semester-hour program is made up 
of general requirements such as English, mathematics, 
humanities, social sciences, and certain electives. The 
work in education includes the usual basic training and 
practice teaching. The science courses may be 80 
chosen as to give the student an introduction to 4 
number of branches of science or so as to emphasize 
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closely related fields such as physics; mathematics, and 
chemistry. In the latter case, the student may be 

uated with a background in science actually 
stronger than that provided by the Bachelor of Arts 
degree with a major in chemistry. In the senior year, 
in conjunction with practice teaching, the student par- 
ticipates in a seminar with representatives from the 
various science faculties, in which his problems and 
difficulties in teaching science may be discussed in detail 
with experienced teachers. 

The bachelor’s degree itself is planned for high-school 
science teachers, but it also serves admirably for those 
who have opportunity later to enter a college faculty. 
This happens frequently in the districts in which small 
colleges are located. The undergraduate program also 
gives an excellent background for a Master’s degree and 
even further graduate work either in education or in a 
field such as chemistry. 

The second program is'still under discussion and has 
not yet been put into practice. This is an attempt to 
offer reasonable training for teachers, especially in the 
junior colleges, who need a thorough understanding of 
advanced phases both of science and education but who 
do not have opportunity or any real need for the re- 
search and thesis which we require for the Master’s 
degree. It is proposed to use for this purpose a two- 
year graduate course of study, with work roughly 
equally divided between the science field and advanced 
courses in education. Such work could be fitted even- 
tually into a Ph.D. program if the student so desired. 

One of the major difficulties, of course, is the question 

- of whether such a two-year program should have a 
distinctive degree title so that appropriate recognition 
in rank and salary might be given for the additional pro- 
fessional background. 

It may be noted that the goal of the Ph.D. degree is 


frequently mentioned in discussing these programs. 
For all college teachers—whether junior college or 
university—there is increasing economic and _profes- 
sional pressure to take graduate work toward a Ph.D. 
degree. It is common practice, even a matter of law in 
many states, to expect a high-school teacher to have a 
master’s degree in order to obtain regular professional 
status and higher salary brackets. The implication is 


| strong, of course, that a Ph.D. degree and the doctorate 


title should qualify one for even higher salary levels. 
It is naturally to be expected, then, that college teachers 
should probably have some higher degree than those in 
high school, and the Ph.D. is the obvious possibility. 
This viewpoint does not take account of the fact that 
requirements for the degree of Doctor of Philosophy 
presumably place unique emphasis upon individual 
attainments in research or creative activities—attain- 
ments which may have no particular significance as 
background for the teaching duties involved. None- 
| theless, the viewpoint is well established and widely 
held, and this has been a factor of importance in altering 
| Our graduate programs so that we grant an extensive 
| Series of individual doctorate degrees in professional 
| fields rather than a “Doctor of Philosophy” degree. 


’ A second factor of even more weight in this alteration 
has been the steadily increasing number of industrial 
and governmental opportunities in research, develop- 
ment, and engineering. Here also it is common to base 
starting rank and salary scales on the bachelor’s, mas- 
ter’s or doctor’s degree, with no great amount of atten- 
tion paid to the correlation between the type of job and 
the original significance of the degree. 

In all these fields, education, industry, and govern- 
ment, the need for a reasonably simple and workable 
classification has outweighed the original concepts be- 
hind the degrees as indicated in the titles. This is a 
real and practical need, and a practical solution has 
been evolved by taking over the degree titles—and in 
some measure their accompanying programs—as des- 
ignating essentially three levels of training and ex- 
perience for a particular field; but this practical solu- 
tion to the problem of classification has created for us 
serious new problems in the preparation and recruiting 
of college chemistry teachers in our third group, whose 
professional needs include both teaching and research. 

For this group, the Ph.D. in chemistry is normally 
assumed to be necessary preparation. For teaching 
students at advanced levels, the teacher must assuredly 
have both a comprehensive and profound knowledge of 
his subject. 

The specifications of our own Committee on Profes- 
sional Training, for example, are simple and clear-cut. 
The specified requiremert for a person doing graduate 
teaching is simply “the doctor’s degree in chemistry 
from an institution recognized for its training in 
chemistry.” 

In an earlier day this specification alone was ade- 
quate. If we use the term philosophy as embodying a 
broad knowledge and understanding of phenomena and 
their causes—which must include human nature and 
conduct as well as phenomena in inanimate systems or 
simple plants or animals—one who has attained the 
degree of Doctor of Philosophy with chemistry as his 
major field of interest should have an excellent back- 
ground for teaching in the field. When faculiies and 
graduate enrollments were small, departmental lines 
were not clearly drawn and programs were likely to be 
broad in scope. Furthermore, graduate students com- 
monly assisted with laboratory sections or other teach- 
ing activities and were thrown into close association 
from day to day with men whose major interests were in 
teaching, in aiding students either at graduate or under- 
graduate levels, and in other fields as well as chemistry. 
The candidate for the doctorate usually served an 
effective apprenticeship in teaching as well as in his 
major field. 

Today this pattern is possible, but not probable. 
The Ph.D. program is still an individual one and can be 
very broad in scope, but it is most likely to be limited 
to chemistry and closely related fields such as physics, 
mathematics, and certain biological sciences. 

The student has little encouragement to vary this 
pattern markedly. The heavily departmentalized 
organization which is characteristic of most of 
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our larger schools makes it difficult in general for a 
graduate student in chemistry to work much outside 
the science departments and their immediate neighbors. 
The unfortunate schism which so commonly exists be- 
tween the Colleges of Education and the “subject- 
matter” departments, the fact that “teacher training” 
has come to have so much connotation of emphasis on 
techniques of presentation without real concern for any 
knowledge or information to be taught—these factors 
make it particularly difficult to combine fields such as 
chemistry and education. 4 

A graduate student. can still assist in teaching, but 
large enrollments and more complex class organizations 
have decreased very materially his opportunities to 
develop any breadth of vision and understanding of 
teaching problems. Economic pressures are commonly 
such that, after teaching a semester or two, he is likely 
to shift to a research appointment. There, he may still 
be under the direction of a major professor who is at 
least a part-time faculty member, but his contacts in 
his work from day to day are largely limited to persons 
whose full-time interest is devoted to rather highly 
specific problems or materials. 

The doctorate in chemistry can be a program for 
training a student both as teacher and as chemist, but in 
practice our graduates are now, in large majority, 
trained only as chemists. 

Any faculty or department head who has had occasion 
to interview applicants for teaching positions recently 
is probably well aware of this. There are many able 
applicants who have clear—and good—ideas for lab- 
oratory research, but who have thought very little of 
what they might teach effectively. It can be very 
difficult to evaluate an applicant for a position which 
involves, for example, some teaching in a beginning 
course. This applicant may sincerely believe he is 
quite willing to teach freshmen, and yet may quite 
obviously have no realization at all of what such teach- 
ing actually entails. 

One solution to this problem is that we should try to 
arrange programs specifically for preparing such appli- 
cants more adequately. I would not minimize in any 
way the importance of each graduate faculty searching 
out and helping in every way possible those students 
who wish to enter university work. Nonetheless, it 
seems that the number of beginning graduate students 
who can declare such an intent will always be small. 
Many of the most promising young prospects for uni- 
versity faculties must come from those students who 
discover in the course of their own graduate research a 
deep interest in fundamental investigation. Such in- 
terests will develop late in the graduate program. 

The problem of preparation of college teachers for 
university-type work must, therefore, be met also by a 
reorientation in our viewpoints to recognize the changed 
patterns of the Ph.D. degree. Administrative officers 
and faculty must cooperate more closely in taking 
positive action to meet what is effectively a need for 
teacher training on a post-doctorate, “on-the-job” 
basis. Opportunity should not be denied to a poten- 
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tially good teacher because his graduate program gave 
him little teaching experience, but we do have a serious 
responsibility to those students with whom he must 
work while he gains that experience. 

Such a program of training can be highly effective, 
Any of us must have had to start somewhere in as- 
suming charge of a class or a course with at best no 
more experience than that of two or three years as a 
part-time teaching fellow. With reasonable assistance, 
interest and willingness to work can quickly compensate 
for lack of that minimum initial experience. 

The specific nature of the training must vary with the 
individual and can readily be handled on a reasonable, 
casual basis. There is, for example, no need to create a 
corps of “supervisors” to haunt our teachers. This 
post-doctorate “training’’ may involve information on 
such basic points of every-day teaching as ordinary 
classroom and grading procedures, acoustical vagaries of 
different lecture rooms, techniques of public speaking, 
etc. It must certainly include broad information on 
and discussion of departmental curriculum and possible 
development of new courses. Attendance at profes- 
sional meetings, symposia, etc., which offer challenging 
ideas in the broader fields of teaching should be en- 
couraged, as well as those related to specific research 
problems. Positive recognition, in advances in rank or 
salary, must be given on the basis of teaching activities 
and abilities, as well as in the individual’s own line of 
research. (It is assumed, of course, that activities in 
research will be encouraged as they are at present.) 

Basically, such a program involves recognition by the 
individual as well as the faculty that the responsibilities 
of a university for the continuing advancement of 
knowledge involve more than the compilation of lab- 
oratory data. Certain aspects of our teaching, such as 
the continual re-examination and re-evaluation of facts 
and theories for new research students or new classes 
and the reactions of such new students to our hy- 
potheses and generalizations, are actually an integral 
part of processes for that advancement of knowledge. 
Investment of time and effort to prepare an individual 
to participate effectively is highly justifiable. 

It must be recognized, of course, that this training 
problem is not one of concern to the universities alone. 
There have been many discussions of the economic 
pressures, the ease of recognition for a new compound or 
a new synthesis as contrasted to a group of students 
well trained, and other competing factors which tend to 
draw many of our teachers into other fields. I will not 
belabor that point here, but I think it cannot be empha- 
sized too often that one of our greatest problems in con- 
tinuing the growth of science in this country is that of 
maintaining developments in fundamental theory as 4 
basis for continuing technological advances. These 
fundamental developments must normally originate 
largely in our universities and colleges, and the ade- 
quacy of preparation of new young chemists for their 
faculties will determine our future progress in this phase 
of chemistry. 

Actually, these suggestions with regard to training of 
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our college teachers differ in some respects very little 
from present-day practice. Such things may often be 
done, but it is largely in haphazard fashion. Surely no 
college science department has any objection to a 
young man making of himself a good teacher, nor 
would there be any obstacles consciously placed in his 
way (but he may be subject rather frequently to in- 
direct pressure to give attention to other things). The 


Avy useful discussion of the improving of graduate 
instruction in order to assure greater competence in 
teaching has to take account of the nature of the 
learning process. Unless this process is clearly un- 
derstood in the light of contemporary psychological 
scholarship, little progress can be achieved. For the 
new insights here are capable of yielding aids to teachers 
which promise fruitful results in fuller and faster learn- 
ings as permanent assets to the individual. 

I shall therefore not attempt any critical discussion 
of present methods of college teacher training. I am, 
however, hopeful that what I shall have to say may 
throw light by implication both on present deficiencies 
and on programs of improvement which faculties could 
adapt in their own ways. This paper will therefore, 
first, discuss the nature of learning; second, consider 
what valuable assets we are basically trying to teach 
both to general students and to professional graduate 
students; third, consider the ways of developing in- 
telligence as throwing light on how to learn; fourth, 
make a number of specific suggestions about the 
activities of teaching as forwarding good learning; 
and, fifth, consider the bearing of my conclusions upon 
the objectives and methods of science instruction, 
including, of course, the training of science teachers. 

If you think that I am not distinguishing sharply 
enough as between undergraduate and graduate, and 
as between general and professional education, you will 
be in some part correct. But my central purpose is to 
set the problem in its widest frame and to leave the 
particularities of professional scientific education to 
those who know far more about it than I. 


NATURE OF LEARNING 


I shall define learning as the over-all result in the 
person of thinking, feeling, acting, and expressing, 
appropriately to the demands of a situation, or the 
solution of a problem, or the resolution of a felt diffi- 
culty. Learning is evidenced by the successful coping 


With identified needs, coping with desires or drives 


attitude in general is likely to be that a newcomer can 
“sink or swim” insofar as teaching is concerned. This 
is not enough. We must recognize that the back- 
ground of present-day graduates includes little training 
or experience as teachers and must face the fact that 
this places upon the departments and colleges respon- 
sibility for making positive efforts to assure reasonably 
good teaching of all types. 


EFFECTIVE LEARNING IN COLLEGE 


ORDWAY TEAD 
Board of Higher Education, New York, New York 


pressing for expression. It can yield the several satis- 
factions of present adjustments, of progressing toward 
established goals, of a clarifying of directions and pur- 
poses in living, or the satisfying of disinterested curi- 
osity or wonder. Learning is the residual outcome of 
specific experiences which so modify the organism that 
it thereafter behaves differently. 

The needs to be coped with may be immediately and 
obviously urgent; they may be acquired through prior 
learnings; they may relate largely to the future in 
which motives of “preparation’’ have play, even though 
the theory of education as preparation for some future 
good or goal is now invoked far more than seems validly 
justified. 

Each individual is thus the center, focus, and occasion 
of his own learning activity. It is his felt concern that 
has to be resolved; it is his promptings, urges, difficul- 
ties, interests, curiosity or wonder, which touch off his 
learning effort. The person in some felt need is the 
unit of learning concern. Learning is thus not so much 
“student centered’’ in some individualistic sense as it is 
life centered in its regard for knowledge, attitudes, 
skills, and commitments as these are all affected by 
individual differences. Learning is thus learning to 
use,—a truth obvious enough when one is trying to pass 
the driving test for a motorist’s license, but hard to 
grasp with respect, for example, to the subject-matter 
of a course in European history, in philosophy, or in 
general science. But the difference between the two 
types of experience is one of teaching effectiveness and 
not of some generic difference of learning method, in- 
tention, or result. 

Indeed, it is largely in the middle years of the educa- 
tional process that we are pedagogically most confused 
on this score of method. For the nursery school at one 
end and a good number of professional schools at the 
other both utilize instructional procedures which in 
method and outcome largely equate learning with 
ability to use what is learned. “That only” said 
Coleridge, “is genuine knowledge (7. e., learning) which 


| 
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returns to us in power.’’ And a similar meaning is 
conveyed by the sentence, “no occurrence is an event 
for us until it has some bearing on our purposes.’’! 

Kilpatrick has a famous phrasing of the same truth 
which, were it taken seriously by college teachers, would 
work a literal revolution in present college teaching 
methods. For he has said :? 


Learning is the tendency of any part or phase of what one has 
lived so to remain with the learner as to come back pertinently 
into further experience. When such a tendency has been set up, 
learning has to that extent been effected. To accept anything 
less. . .than to expect learning to tend so to remain and come back 
relevantly into experience seems indefensible. ..We learn what 
we live, we learn each item we live as we accept it, and we learn 
it to the degree that we accept it. 


The implications of my own definition merit further 
explicit mention, even though such analysis is mislead- 
ing because the learning experience is always a unified 
reality. Learning in its thinking phase requires method. 
This embraces grasp of methods of reasoning, of mem- 
orizing, of selecting relevant factual knowledge to draw 
upon. 

Learning as feeling requires appropriate emotive re- 
sponses of eagerness, warmth, desire, pleasantness, 
cheerfulness, some glow of mastery—a general sense of 
the desirability of the experience. 

Learning as acting requires skill in execution and 
successful performance. Without this as one result 
there is lacking one vital criterion of a valid experience. 

Learning as expressing entails the ability to commu- 
nicate clearly in receiving, and also in conveying ideas 
and feelings clearly to others. 

And until all these concomitant attributes of the four 
necessary facets are present, complete learning has not 
occurred. There has usually only been a little “learn- 
ing about” at a rather ephemeral level. 

A further aspect of the process to which I can only 
allude without suggesting its significance is that the 
aspect of valuing would seem to be an experiential 
factor present in good learning. The individual is 
inherently making for himself value-judgments as his 
learning experience goes on. “Is all this any good, and 
why, and how, and how much?’’—this is the question 
each person is constantly putting to himself as learning 
experience moves on. Even our perceptions derive 
largely from what we are accustomed to perceive in an 
already established frame of values. 

Another interesting way to characterize the real 
learning experience is to consider it as an assimilative 
process or as a kind of symbiosis of learner and subject- 
matter. Subject and object lose their sharp identity 
as true learning proceeds. The means and ends of 
learning become merged into the unity of an assimilated 
resource—as an incorporation into self of added insights, 
competences, and wisdom. The learner by taking 
thought does add a cubit to his total intellectual and 
emotional stature. 

1CaNTRIL, H., ‘“The ‘Why’ of Man’s Experience,’ The Mac- 
millan Co., New York, 1950, p. 75. 


2 See KILPATRICK, W. H. hilosophy, ” The 
Maemillan Co. New York, 1951, pp. 239, 2 
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There are, therefore, several familiar aphorisms and 
epigrams about learning which are clearly untrue. 
Learning is not the sheer accumulation of unexamined 
raw experience; nor is it critical or uncriticized “trial 
and error’ activity; nor is it the sheer verbal memoriz- 
ing of book material or the encyclopedic storing away of 
more and more facts. There are no muscles of the 
mind which by exercise on “hard’”’ subject matter can 
be strengthened for use in other intellectual areas, 
“Mental discipline’”’ is not a general but a particular 
project and one which is only slightly transferable, if we 
omit reference to the development of a habit of vigorous 
mental attack, which habit it seems possible to lear 
and transfer. 

In short, a competent sense of learning realities has 
always to hold in view the situation of the learner in 
terms of responsiveness, attractive appeal, persuasive 
motive, internalized self-propulsion, outcomes which 
have some generative dynamism. And until teachers 
of every subject are willing to look at their methods 
and their teaching content through the neophyte’s eye, 
they have no reason to expect response to the stimulus, 
or to the field situation presumably evoked, or to the 
“gestalt’’ designed to have emotive power, which they 
have from their point of view constructed for the 
student’s experiential edification. 


BASIC ASSETS 


A second broad area of inquiry deserves more at- 
tention than we usually accord it, no matter what we 
teach. This area is comprehended in the answers to 
the question: What are the broader values or attributes 
of capacity and character which we desire as accompani- 
ments of formal, subject-matter learning experience? 
I do not minimize the factual and informational as vital 
aspects of the capacity the teacher is helping to enlarge. 
Indeed, I am taking this for granted as the usual teacher 
purpose and goal—even though I may seem to de- 
emphasize it to a degree that some would call into 
question. But even on this score, the right conclusion 
seems to me to depend largely on the degree of intensive 
or specialized use the student is likely to make of the 
facts. 

But my considered judgment is that in so far as 
education for nonprofessional students is concerned, the 
values, objectives, or purposes sought are not technical 
or methodological in nature. And even for prepro- 
fessional and graduate students, there is always the 
danger of going too far with technical subject matter, 
as opposed to efforts to get breadth of comprehension 
along with technical skill. 

I submit that we want the following out of general 
education even as it relates itself to scientific experience, 
and we should seek the same end in graduate study toa 
greater extent than we do. 

(1) We want ability and disposition to think ani 
keep on thinking in whatever are the rewarding ways 
affecting a given discipline. Continuously enlarging 
grasp of the methodology of rational deliberation i 
both its inductive and deductive phases is crucial; and 
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this should include ability to distinguish which kinds of 
problems are properly approached by one method or 
the other or by both in proper sequence. 

(2) We want ability to achieve fresh insight toward 
coping with life situations out of rational deliberation 
prompted by emotive needs and desires more or less 
common to us all. 

(3) We cannot go far without the conscious cul- 
tivating of sensitive awareness to beauty, joy, exuberance, 
including also an awareness of the need deep in our 
natures to acknowledge wonder, awe, and reverence, as 
aspects of those insights which are profound. 

(4) Acknowledgment has to be made of a field newly 
stressed in its present vocabulary, namely, that of han- 
dling the human relations of life with individuals and 
groups in a more than “common sense”’ way. 

(5) The total learning experience as it unfolds for 
the individual should develop through satisfying out- 
comes a certain confidence and assurance about one’s 
sustained attack on living and striving, on growing and 
suffering, on all truth-seeking and problem-solving 
efforts. And a final notable attendant value which 
merits greater stress is ability to see human affairs over 
the centuries in some realistic perspective. 

Scholars in the natural sciences may, perhaps, tend 
too readily to exclude consideration of these more 
fundamental values and purposes from their instruction. 
But I submit that beyond mastery in all departments of 
subject matter these attendant learnings are not only 
possible but essential both to the students’ intellectual 
and spiritual breadth and depth, and at levels under- 
graduate and graduate. Scientific scholarship, in other 
words, is not belittled or temporized by looking at its 
effort in part through the spectacles of general, human- 
istic purposes. Rather is it true that the inclusion of 
broader objectives enhances and enriches that scholar- 
ship in its every facet. This effort, as it reaches the 
student’s awareness, tends to give rational, esthetic, 
vocational, and valuational richness to the content being 
studied. And it would seem that the major way for the 
teacher toward such end results will have to be for him 
to incorporate them into his intention, method, and 
treatment as he moves through his subject matter. We 
first have to have the broadened intention and desire; 
given these, imaginative thinking about applications 
will produce the results in varying ways with various 
teachers. 

Thus, I would underscore what I have so briefly 
hinted by a brief recapitulation. Students of scientific 
subjects especially are in need of protection against: 
(1) thinking scientifically in too narrow a range of 
interests; (2) being ‘intuitive,’ “visionary,’’ or imagi- 
native in too limited a range of subject matter; (3) being 
insensitive to the esthetic aspects of their experience 
whether in science or beyond it; (4) being insensitive 
to the importance of human relations in contemporary 
institutions and in the nuances of the necessary dealings 
of man with man in personal and corporate dealings; 
(5) ignoring some underlying philosophic outlook which 
begins to orient them meaningfully and purposefully 
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to their world; as well as (6) suffering from lack of 
historic perspective as to how, why, and when tran- 
sitions in the flux of the human scene may be expected, 
may be more or less counted upon, and may have to be 
coped with 


INTELLIGENCE 


One more conceptual discussion of the conditions of 
good learning should be helpful toward the necessary, 
heightened self-consciousness required of the teacher 
who would assure good learning. I am indebted to Dr. 
George D. Stoddard’s “The Meaning of Intelligence’ 
for suggestions along the following lines which I have 
adapted from his discussion of intelligence.* 

Certain component conditions seem important as 
offering a number of criteria toward characterizing the 
learning process in any field at the college level. There 
must be a sense of the difficulty to be faced; a true 
complexity in the material confronted; an ability to 
abstract or conceptualize the raw data; economy in the 
hypotheses or explanations brought forward; the effort 
works toward some identifiable goals; the total ex- 
perience has some recognizable social value; energy has 
to be concentrated on the pursuit of solutions; there has 
therefore to be resistance to emotional states which 
might deflect from objective reflection; and out of it all 
some freshly original result emerges for the learner. 

The problem for the teacher, therefore, is to ask how 
he organizes his over-all presentation to bring to focus 
at one time or another these several aspects and re- 
quirements which are especially relevant in scientific 
learning. This is a total effort which each teacher has 
to make in his own unique way. Again here, the in- 
tention and desire are basic. And beyond a limited 
point, method has to be evolved in individual practice. 

Assure the presence of student desire; challenge and 
disturb; confront with relevant evidence; relate mean- 
ingfully to present comprehensions; encourage and in- 
spire to persistent effort; and assure that some reason- 
ably satisfying outcome is obtained in terms the student 
acknowledges. This summarizes a familiar and essen- 
tial sequence of steps which have tested usefulness in 
bringing new learning mastery to pass. 


SPECIFIC ACTIVITIES 


Let me next in all too summary form offer a few 
suggestions about some steps in a program looking to 
instructional improvement in the classroom, basing 
these on the general definitions already set forth. 

(1) Relate departmental and individual course 
objectives organically to the stated objectives of the 
institution. 

(2) State departmental and course objectives in 
written form in the college catalogue for student con- 
sumption after faculty acceptance, and review these 
each year with one’s colleagues interdepartmentally. 

(3) Let each teacher be sure that he is on occasion 
supplying effective answers for his students to such 


3 Sropparp, G. D., “The Meaning of Intelligence,” The Mac- 
millan Co., New York, 1943, p. 44. 


questions as: Why should you study this course? 
What intellectual relation has it to other courses? 
What vocational and avocational implications may it 
have? What secondary purposes are being sought be- 
yond mastery of subject matter? What intellectual 
methods have to be employed for competent under- 
standing here? What are the likely and desirable out- 
comes for the students? Am I, by sufficient variety of 
instructional methods, making this course a challenging, 
relevant, and zestful experience for the student? 

(4) Let each teacher be sure that every course, and 
every session of every course, are carefully planned with 
a beginning, a middle, and anend. And let him engage 
in self-scrutiny at the end of each day’s work to see how 
class or laboratory performance is really progressing in 
relation to the plan. 

(5) Let each teacher seek the criticism of his peers 
as to his effectiveness as a teacher through classroom 
visitation. The notion that each teacher’s classroom is 
sacrosanct and that he has the right to work in splendid 
and uncriticized isolation has to be abandoned. 
(6) As to one’s attack on teaching methods, re- 
member the dictum of Henry Adams, ‘‘Whatever else 
you do, never neglect trying a new experiment every 
ear.”’ 
‘ (7) Watch the problem of the tempo of students in 
their learning. There should be good digestion and 
mastery of material before the teacher moves forward to 
new material. 
(8) Realize that the teacher, like the actor, has to 
project himself “over the footlights.” There is a 
reasonable extent of showmanship which is legitimate 
and essential. There have to be some vibrancy and 
phosphorescence in the class-hour performance—some 
manifest excitement about the things of the mind and 
spirit. The teacher should be the exemplar of all this. 
(9) Let the teacher realize that periodic recognition 
of student success or victory is invaluable; and to 
assure this requires something more personalized than 
the marking system. Similarly, there is need for 
specific personal encouragement of the discouraged and 
the failing. 
(10) A final and inclusive question needs to be self- 
posed. Do I know the basic preconceptions, beliefs, 
and convictions with which I approach my professional 
labors? Do I distinguish the premises of my science 
from the premises, beliefs, and methods in other areas of 
human experience? Have I, in short, some philosophy 
of life and of science which places my teaching in some 
larger frame of reference and significance? 
This last set of questions is, of course, critical and 
fundamental to the whole effort and success of teaching. 
And I believe it needs far more extensive shared reflec- 
tion by science teachers as they assemble together in the 
next few years. I wish the time were available to pur- 
sue this further in the present discussion. 


SCIENCE TEACHING 


This brings me finally to instruction in the sciences 
as such. And here I at once enter a disclaimer of 
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special ability or fitness. I only know that the citizen 
has the right to join with the teachers of science in con- 
sidering what it is the community decides it wants out 
of science instruction, leaving questions of methodology 
to be decided when desired objectives are established, 
and ends and means can be carefully integrated. 

Because of my sense of personal limitation I am 
taking the liberty of quoting from a memorandum which 
has grown out of a series of science interdepartmental 
conferences being held by the faculty of Hunter College 
during the current winter under the chairmanship of 
Professor Abraham Raskin, who has recently come to 
the college from the University of Chicago. The aim of 
these conferences has been the discovery of an accept- 
able plan for a general science course. I am sure this 
formulation of the underlying aims of science instruction 
is regarded by the committee as exploratory and not 
final. But it does seem to me to have the great value of 
focusing attention on the newer approaches to science 
instruction as to which we are all exercised. And again 
I say this has pertinence for graduate no less than 
undergraduate education. 


(1) An understanding of the nature of science. Many introduc- 
tory and survey courses deal largely with the results of scientific 
investigation. We hope to stress the understanding of science 
rather than the memorization of undigested information. This 
aim may be achieved by a thorough study of a few, very carefully 
selected, problems in science, by the case history method, by 
other means, or perhaps by a combination of several means. 

(2) An understanding of methods used by scientists. In this 
connection, we should develop among other things, an under- 
standing of how the scientist formulates his problem; how he 
selects certain aspects of a total situation to observe, measure 
and attempt to relate how he devises his stahdards of observation 
and measurement; how he devises his techniques and instru- 
ments; how he sometimes attempts to generalize from the re- 
sults of many observations; how he distinguishes between differ- 
ent types of evidence; how he identifies and formulates hypothe- 
ses; and how he recognizes when necessary and sufficient data 
are available to support a conclusion. This aim can probably 
best be achieved through experiences in the laboratory, by class- 
room demonstrations, and by studying how certain outstanding 
scientists have formulated and attempted to solve specific prob- 
lems. 

(3) An active intellectual curiosity, an openness of mind, a 
passion for truth, a respect for evidence, and an appreciation of the 
necessity for free communication in science. An attempt should be 
made to show how these intellectual virtues have played a funda- 
mental role in the rapid growth of science. It is hoped that these 
observations will result in the application of these attitudes to the 
students’ own intellectual activities. 

(4) An awareness of the fact that the boundaries of the cate- 
gorized sciences are largely artificial. As scientists attack more 
and more fundamental problems, they uncover large numbers of 
relationships which transcend regular subject matter bounda- 
ries. New sciences arise from these relationships between and 
among the older sciences as the latter’s concepts and techniques 
are refined and extended. This creates an increasing need for 
specialization and its most modern development, group research, 
in which teams of investigators representing different areas work 
on a single problem from individual approaches. 

(5) An appreciation of the unity of purpose in a program of 
general education. Our fundamental aim is to develop in our stu- 
dents the values, attitudes, knowledge and skills that will equip 
them to live rightly and well in a free society. We cannot achieve 
this aim by the teaching of science alone. We must’ emphasize 
the fact that the intellectual values so useful in science are not the 
only values necessary to one’s full development as an individual 
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and as a member of society. Our students must develop also 
an appreciation and understanding of the other large areas of 
human endeavor—the humanities and social studies. 

(6) An active concern regarding the application of their knowl- 
edge of science and its methods in the solution of some of the problems 
which face the citizens of a free society. For this purpose, our stu- 
dents will need to understand the relationship between our society 
and technology and science. Society generally sets a problem by 
expressing a need or a wish. Applied science or technology, ap- 
plying the fruits of basic science, attempts to find a solution 
which most effectively satisfies the need or desire of society. The 
citizens of a free society, with well-developed attitudes, habits, 
and powers of evaluation, should be concerned that science and 
technology be directed toward constructive ends. 

(7) An ability to view science in relation to its own past and to 
general human history. This, together with the presentation of 
the humanities and social studies, should result in developing in 
our students a more complete picture of the origins, current sta- 
tus, and trends of our civilization. We can contribute to the 
realization of this aim by including in the integrated science 
course some consideration of how the cultural, social, and phile- 
sophical climates have influenced and been influenced by the 
scientific endeavors of man in various stages of his history. 

(8) An effective power of communication in science. The in- 
tegrated course can contribute to this general aim of the curricu- 
lum by helping our students attain a degree of scientific literacy; 
by emphasizing the importance to the growth of science of pre- 
vision in the description of phenomena and in other ways. 

(9) An appreciation of the pleasure that can come from an 
understanding of the beauties and forces of nature. 


It is obviously not for me to attempt to amplify this 
impressive statement of principles into terms of cur- 
ricular organization, or class or laboratory methods. 
But surely when the sights of teachers of science, or 
other disciplines, and of general educators, can all be 
trained upon goals of this broadened type, a long step 
ahead will have been taken both on behalf of under- 
graduate and graduate education. 

If and when all students can truly learn something of 
the nature and scope of the sciences, of their truth-seek- 
ing passions, of the several ways of scientific thinking, 
of the social results scientific applications have brought, 
of the social values of these results, of the benefits and 
dangers of universalizing those results into use in parts 
of the world now not industrialized—if these gains of 
understanding can be assured, the larger utility of 
education in the sciences will be established beyond 
question and with immense gains in the body politic. 

Of course, one distinguishes and stresses the special- 
ized and intensive outcomes of the science teacher’s 
education. But the academic world is already so pre- 
occupied with these aims that I hardly need to empha- 
size them further. However, I reiterate in conclusion 
that there remain those other aspects of learning, of 
attitude and outlook which simply cannot be ignored. 
They are the aspects that bear on the relation of the 
pursuit of science to the living of life, both for the 
scientist as person and also as citizen, community 
member, and responsible participant in shaping the 
future of the social scene. If, as I venture to surmise, 


the science teacher is today by virtue of his training, 
laboring with a certain constriction in respect to the 
larger intellectual, emotional, and moral appeals, claims, 
and challenges of our society, the training of future 
scientists has to confront that limitation of interest, 


concern, and competence, and achieve an orientation 
not only to science but to life in a wider sweep. And 
this is an orientation to be achieved only with the in- 
jection into their education of liberal influences which 
in the past have been all too absent. Science tends too 
easily to become a scientism; scientism has too often 
been elevated to a level of almost religious devotion. 
And the scientist who presumably has embarked upon . 
the pursuit of truth disinterestedly and objectively can 
become committed subjectively to a straitjacket of 
preconceptions and habits of mind which are far less 
catholic than his original passion, approach, and method. 


CONCLUSION 


In sum, my point is that we are charged to educate 
the man in his wholeness first and the scientist in his 
intellectuality second. 

That this is not a novel thesis nor an impossible de- 
mand, the efforts of a variety of educational experi- 
ments seem to me clearly to establish. I wish there 
were time for me to discuss the instructional develop- 
ments at Harvard under President Conant’s personal 
guidance, at Lehigh under Dean Doan, at Carnegie 
Tech as prompted by Provost E. D. Smith and the late 
President Doherty, at M. I. T. with its admirable recent 
report on the relation of the social studies and the 
humanities to the scientific curriculum, and at a number 
of other undergraduate institutions where the general- 


ized approach is showing the science teachers themselves 


that they have more to teach than they appreciate and 
more to learn than their own discipline may encompass.‘ 
In other words, we have today the encouraging ad- 
vantage that we have started in earnest to ask the right 
questions about scientific education. The ties that 
bind college to graduate instruction will refuse to be 
loosed. And the germinal influences of all this will 
increase and multiply. 

Our scientific education has yielded social results 
which are the marvel of the world. But they are also 
the terrorizing Frankenstein of all too many beyond 
our borders. Our very successes have become excesses 
if we will make a global appraisal. The good has been 
the enemy of the better. All that has to be changed in 
our educational aim and emphasis from here on out. 

We profess on this occasion to be discussing the train- 
ing of science teachers. Actually, we are considering 
how it is that the forces and consequences of science and 
a scientific outlook relate themselves with spiritual 
productiveness to the fulfillment of a democratic tra- 
dition in a society committed to elevating the welfare of 
men as individuals with souls. Scientists stand in need 
of associating themselves afresh with that central 
human impulse which would relate the individual to 
those forces of law and order and meaning and power 
and awareness, as these transcend the specific scientific 


4 See in this connection, for example, ‘Education for Profes- 
sional Responsibility” (Proceedings of Inter-Professions Confer- 
ence), Carnegie Press, Carnegie Institute of Technology, 1948. 

“General Education in Science,” edited by ConEN Wat- 
son, Harvard University Press, Cambridge, 1952. 
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effort, at once glorious and humble, to lift the veil which 
enshrouds the Eternal Mystery. 

I like to think that as we move into this broadened 
frame of purpose and vision we will be measuring up 
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more-closely-to the test of wisdom hinted at by Henry 
Adams when he admonished us “to run direction 
through space, order through chaos, discipline through 
freedom, unity through multiplicity.” 


* A DOCTORATE PROGRAM FOR COLLEGE 


TEACHERS 


Aju increased interest in programs for training graduate 
students for college teaching is becoming evident. 
Two tendencies particularly in chemistry may be re- 
sponsible for this interest. On the one hand, we have 
the attractive opportunities for scientists to accept 
industrial and government positions drawing potential 
good teachers away from academic careers. A young 
man, married, and thinking about creating a home has 
to have some of the inspiration of the missionary to 
choose college teaching today. On the other hand, we 
have the increasing tendency on the part of college 
administrators and of agencies concerned with teaching 
to stress better teaching. This tendency takes the 
form of teacher-evaluation charts given to students 
who rate their instructors on the various facters listed. 
Alumni are often asked who their good teachers were. 
The American Council of Education (/, 2) and the 
U. S. Office of Education have sponsored conferences 
on the improvement of college teaching. Some ex- 
cellent reports have been prepared by these conferences, 
but unfortunately those people who should read and 
benefit from such reports ordinarily do not see them— 
they go only to presidents, deans, and department heads. 
Also unfortunately, some of the younger men who would 
benefit most by these conferences do not have the op- 
portunity to mingle with the older, experienced teachers 
from all fields to get the inspiration that comes from 
such sessions. 

The Committee on Graduate Instruction of the 
Council on Graduate Work of the Land-Grant College 
Association (3) has been studying the problem of pre- 
paring college teachers. Last fall this Committee 
sent a questionnaire to 86 subject-matter departments in 
25 member institutions and 83 answers were received. 
Departments to which the questionnaires were sent were 
those granting five or more Doctor of Philosophy 
degrees during the five years 1946-50. Departments 
of botany, chemistry, economics, English, history, 
mathematics, and zoology were polled. 

Eleven departments, 13 per cent of the total, re- 
ported that their students take courses concerned with 
training for college teaching, or that courses are avail- 
able for them. 

Twenty departments, 24 per cent of the total, re- 
ported that seminars dealing with training for college 
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teaching are available. Seven universities offer an 
opportunity to take courses dealing with training for 
college teaching; 12 provide an opportunity to partici- 
pate in seminars. In some universities both courses 
and seminars are available, with 13 offering these facili- 
ties. 

Ninety-nine per cent of the departments afford an 
opportunity for at least some of the graduate students 
to have predoctoral teaching experience. For labora- 
tory departments, it is experience in laboratory and 
recitation sections. Ninety per cent of the departments 
reported that the predoctorai teaching is supervised, 
and 60 per cent reported that the teaching load of the 
supervisor was decreased to permit time for supervision. 
Teaching performance is observed in 80 per cent of the 
departments, but several departments are very em- 
phatically opposed to such a practice. 

Each person answering the questionnaire was asked 
to indicate which one of the three following statements 
best describes how he personally feels about the question 
of training graduate students for college teaching. 

(a) Systematic training for college teaching should be 
required for those Ph.D. students who expect to enter 
a teaching career—13 replies or 16 per cent. 

(b) Training opportunities for college teaching should 
be available for those who plan to engage in teaching 
but should not be required for the Ph.D. degree—53 re- 
plies or 65 per cent. 

(c) The usual program leading to the Ph.D degree 
is in itself sufficient training for college teaching—l5 
replies or 19 per cent. 

Referring particularly to chemistry, twenty-four 
questionnaires were sent out and twenty-three were re- 
turned. Twenty-two of these departments stated 
that opportunities are available for predoctoral teaching 
experience as teaching assistants for laboratory and/or 
for recitation sections. 

All departments reported that teaching is supervised, 
and twenty-one that teaching isobserved. Only one de- 
partment reported that special attention was given 
to the preparation of teachers of beginning chemistry. 

Two departments (Louisiana State and Oregon State) 
reported courses in training for college teaching. 
Louisiana State offers courses in the History of Chemis- 
try and the Use of Demonstrations in Chemistry. 
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The courses are not required but 80 per cent of the 
students take them. They are taught by members of 
the chemistry department. Oregon State has four 
courses, dealing with the training of college teachers, 
entitled The College Student, College and Univer- 
sity Teaching, The American College and University, 
and the Construction and Use of Objective Examina- 
tions. The courses are not required for students who 
plan to enter college teaching and are not in addition 
to the regular doctorate program. Two of 43 doctorate 
candidates chose the courses in 1950-51. The courses, 
available to students in all fields, are taught by the 
faculty of the School of Education. 

Four departments reported the availability of semi- 
nars. In each case, the seminar is conducted by the 
Department or School of Education. The seminar is 
elective for doctorate candidates at Massachusetts, 
Missouri, and Oregon State, but required of students 
registered for the Ph.D. degree in college teaching at 
Michigan State College. 

At Oregon State College, a graduate minor in college 
teaching is available. It is based upon the following 
considerations: 

1. A department in which students may qualify 
for advanced degrees has the responsibility of preparing 
students for teaching as well as for research in the spe- 
cific field. 

2. Programs for preparation for college teaching 
are properly worked out in terms of higher education. 

3. The graduate school gives leadership in the de- 
velopment of standards for teacher preparation and the 
coordination of the activities of departments in a com- 
mon function. 

Five basic courses constitute the graduate minor. 
The first three courses are prerequisite to the latter 
two. Graduate standing is prerequisite for all. The 
first three courses are called “The Coiiege Student,”’ 
“College and University Teaching,” and “The Ameri- 
can College and University.’’ These courses are de- 
signed to consider: (1) the college student as the 
central factor in teaching, (2) the dynamic process 
by which the university or college effects changes in the 
student, and (3) the situation in which the teaching 
takes place. 

The other two courses are ‘Teaching Procedures 
Seminar’ and “College Teaching Studies.” In the 
“Teaching Procedures Seminar’’ the students observe, 
study, and demonstrate procedures in their fields. 
In the ‘College Teaching Studies,’’ done in connection 
with an actual college teaching assignment, the students 
work out some concrete aspect of teaching aims, 
procedures, or evaluation. 

Whereas the program at Oregon State College pro- 
vides a minor to be coordinated into a doctorate pro- 
gram, the program for the Doctor of Philosophy degree 
for College Teachers at Michigan State College is defined 
more specifically, since it is a doctorate for a specific 
purpose. 

At Michigan State College a candidate for the Doctor 
of Philosophy for College Teachers meets the usual 
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requirements for the doctorate degree with certain 
modifications. A minimum of three years full-time 
work (144 quarter credits) after the bachelor’s degree, 
or two years full-time work (96 quarter credits) after 
the master's degree, is required for the Ph.D. degree. 
A guidance committee recommends to the graduate 
council the actual mi: imum residence time required, 
as well as whatever graduate credit from other institu- 
tions shall be accepted. On recommendation of the 
guidance committee, the candidate may be allowed to 
carry on part of his work in absentia either as a graduate 
student enrolled in some other institution of recognized 
rank or independently under detailed directions of his 
major professor. 

The candidate must pass examinations before a 
representative of the Department of Foreign Languages, 
demonstrating his ability to read German and French. 
The completion of the second year of German with a 
grade of “B’’ at Michigan State College or at any other 
institution of recognized standing during the period of 
candidacy for the degree, or within a period of two years 
prior to admission to the School of Graduate Studies, 
may be accepted as satisfying the requirement in that 
language. 

During his first term of candidacy the student files 
his application and the guidance committee is ap- 
pointed. At the end of the student’s first or second 
term the guidance committee meets with the candidate, 
reviews his previous studies, and prescribes a complete 
course of study including the fields for the compre- 
hensive written examination. 

At least one academic year before receiving the de- 
gree, the student must pass a comprehensive written 
examination covering his major and related fields. 
This examination is given sometime during the second 
to fourth week of the term including once in the summer 
session. 

The usual rules for the publication of a doctoral thesis 
apply to thesis work in this field. A final oral examina- 
tion is held about a month before the end of the term 
in which the candidate expects to receive his degree. 

In addition to the above general requirements for the 
doctorate, the following modifications are included. 
Programs for the degree of Doctor of Philosophy for 
College Teachers will include: (a) advanced study in 
broader areas than the traditional programs, (b) a 
teaching internship in the general education area, and 
(c) an adequate foundation in a special field. The 
degree shall be given by a department now authorized 
to grant the Ph.D. degree or in one of the three divi- 
sional areas: biological science, physical science, or 
social science. 

The dissertation shall be concerned with a problem 
having aspects and ramifications which extend across 
existing departmental lines. Experience in a seminar 
in higher education, not in excess of three credits, will 
be required. 

The candidate shall teach and be fully responsible for 
one class in the Basic College of Michigan State College 
in the general area of his graduate study for at least one 
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quarter under the direction of a committee consisting of 
the Head of the Basic College Department, an ex- 
perienced and competent teacher in that department, 
a representative from an upper-school department, and 
a representative from the Division of Education. 

The guidance committee mentioned above shall 
include the director of the appropriate upper-school 
division, heads of appropriate upper-school depart- 
ments, the head of the Basic College department 
representing the area in which the candidate is working, 
or their representatives, and such other persons as 
the student’s program may require. At least three 
upper-school cepartments must be represented, ex- 
cept in cases where a department administers two or 
more recognized subject-matter fields such as sociology 
and anthropology. 

Not over 50 per cent of the course credits earned be- 
yond the bachelor’s degree may be in any one depart- 
ment, except credits in research courses upon which 
the thesis is based, which may be allowed in excess of 
this 50 per cent. 

Candidates who complete their degree requirements 
under one of these special programs will be awarded in 
addition to the regular diploma a certificate indicating 
the completion of a program in teacher-training. 

One person has chosen this program with a major in 
chemistry, one with a major in physical science, and 
one with a major in biological science. The weakness 
in this program at Michigan State College is that the 
student must take too many courses in the fields de- 
signed to serve as adjunct fields. Accordingly, the 
course program is “top-heavy,” forcing the candidate 
into a longer time of study than is usually required for 
a doctorate degree. 

College and university scientists should strive in a 
graduate program toward three aims which are basic- 
ally the activities of all scientists. 

1. Scientists must be students, in order to increase 
their own knowledge. 

2. They must be teachers, to transmit science to 
their students and to train future teachers of science. 

3. They must be investigators, to advance science 
and its practical applications. 

For a given individual it is not necessary that all 
three of these factors be equal in importance. For 
some of them the second aim should be of greater impor- 
tance, because the responsibility of training and educat- 
ing the oncoming generation is great. This scientist 
must know how to present science subject matter in the 
finest manner possible. He must know about good 
teaching materials and the methods of using them. 
He must demonstrate to students, colleagues, and ad- 
ministrators that he is not only a scientist but that he 
also knows how to “‘sell’’ his science to his audience. 

A young scientist starting out on his teaching career 
is a freshman in experience. His only experience in 
handling large groups of people has been to note how 
others behave when before large groups. Maybe he 
will learn from the mistakes, the mannerisms, and the 
awkardness of other speakers, but very likely he will 
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not. Maybe his supervisor has taught him the fine 
points of handling groups of individuals, and of organiz. 
ing material for presentation. Maybe someone has 
pointed out to him that he says, “‘ah, and, uh,”’ and con- 
nects all sentences with “and ah.’’ More probably he 
hasn’t had any practical suggestions. Should this 
young science teacher be helped? I firmly believe he 
should. How can he be helped? He can be by some 
teacher-training from experienced good teachers. 

It is therefore proposed by the author that prospee- 
tive young teachers have the opportunity of some 
training as part of their graduate program. Such train- 
ing need not be a large number of credit hours. A brief 
indoctrination about the nature of the college 
student, the American college and university, and 
college teaching would be very valuable. Six semester 
credits would be sufficient if the material were properly 
organized. A description of the important points and 
not a collection of fancy words is all that would be 
needed. More important, however, is the need of good 
guidance in actual teaching, either by a brief course in 
teaching procedures or by an apprentice-type of teach- 
ing, properly supervised. In other words, a good course 
on the teaching of chemistry is essential. This latter 
can be brought about by one, two, or three department 
staff members devoting some of their time and energy 
to teacher-training problems, methods of demonstra- 
tion, and to the communication of scientific ideas both 
to the future teachers of science and to the students. 

Whose duty is it to lead in this teacher-training? It 
is the duty and the responsibility of the scientist to 
grasp this problem and to solve it. We who are chem- 
ists must be active and vigorous in developing teaching 
methods or the professional educators will tackle the 
problem. If the latter group assumes the leadership 
there will be more and more emphasis on how to teach 
and less on actual teaching. We chemists will have no 
one to blame but ourselves if we find it necessary to fol- 
low laws and requirements which qualify persons for be- 
coming college instructors but which disregard whether 
the instructor knows his subject matter or not. We as 
chemists must assume that a graduate school and a de- 
partment of chemistry have a responsibility for pre- 
paring both research scientists and science teachers. 
It also behooves us to take the latter responsibility very 
seriously by including a good background for prospec- 
tive teachers, or other agencies will. 
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* SPECTROSCOPY ON A COSMIC SCALE 


Many years ago there were some characters of ques- 
tioable motive who were attempting to change lead 
into gold so that they would not have to work for a 
living. They were also seeking a philosopher’s stone 
so that they could have everlasting life to enjoy their 
ill-gotten wealth. These men were known as al- 
chemists. When they began to reform their ways of 
life they wished to conceal their shady beginning, and 
they changed their name from alchemists to chemists. 
Today, the chemist is a fairly respectable fellow of 
reasonably good standing in his community. 

Many years ago there were some other characters of 
questionable motive who were attempting to predict 
the future of a client by the status of the stars at the 
time of his birth. They were prepared to say which are 
your lucky days and on which days you should have 
stayed in bed. These men were called astrologers. 
When they began to reform their ways they also wished 
to conceal their shady beginning, therefore they 
changed their name from astrologers to astronomers. 
The present day astronomer is also a fairly respectable 
fellow. 

Thus, the chemists and the astronomers have a very 
similar history. How about their present day activ- 
ities? The chemist spends his working hours peering 
into a tube. The astronomer also spends his working 
hours peering into a tube. The only difference is that 
the tube of the chemist is entirely of glass and is called 
a test tube, while the tube of the astronomer is made 
only partly of glass and is called a telescope. 

Because of this great similarity between the men who 
use the watch glass and the men who use the spy glass, 
it is only natural that the astronomer should turn to the 
chemist to help him gain a better understanding of the 
nature of the universe. 

Identification of Matter in Stars. One of the most 
useful tools to the astronomer is spectroscopy, a phase 
of science begun by the chemist Bunsen and his phys- 
icist friend Kirchhoff. 

If you have a gas stove in your kitchen it is very 
easy to carry out an experiment at home which dem- 
onstrates spectroscopy. Turn on a gas burner and 
then sprinkle some salt into the flame. The flame will 
turn a beautiful yellow color for a few seconds. If you 
sprinkle pepper into the flame you will see some in- 
candescent sparks as the pepper burns but there will be 
no change in the color of the flame. When the chemist 
Bunsen investigated this phenomenon very carefully 
he found that each chemical element, when heated, 
gave off a characteristic color by which it may be 
identified. The chemical element which is responsible 
for the yellow color is sodium. 


American Cyanamid Company, Bound Brook, New 
Jersey 


When the spectroscopists developed their science 
further, they paid less attention to color and more 
attention to the precise wave-length position of the 
various lines which a heated element or simple com- 
pound emits. The sun is very hot and each chemical 
element in it produces characteristic spectroscopic lines. 
Altogether there are thousands of these lines. By an- 
alyzing these we can find out what chemical elements 
are in the sun. This task is still incomplete. There 
remain a thousand lines in the spectrum of the sun that 
have not yet been identified with any element. It is 
believed that these unidentified lines do not represent 
new eiements but rather the familiar elements in highly 
ionized states. 

It has been found by studying these lines from the 
sun that the chemical composition is very similar to 
that of the earth with the exception of the relative 
abundance of hydrogen and the rare gasses. This 
difference is believed to be due to the difference in mass 
of the sun and earth. The sun, with its larger mass 
and greater gravity, would be able to hold on to ele- 
ments which exist only in the gaseous form. In fact, 
the whole universe is quite uniform in its composition. 


Spectrum of the Sun Showing Doppler Effect 


The lines in the spectrum of the sun from one side of the sun sre displaced 
relative to the same lines from the other side of the sun. From this dif- 
ference the speed of rotation of the sun may be calculated. 


This uniformity appears so general that when astron- 
omers, studying the sun, observed certain unusually 
strong spectral lines which were unknown on earth, 
they predicted that there was a missing chemical 
element. They named this element helium after the 
Greek word for the sun, and twenty-seven years later 
helium was found on the earth by chemists. They 
immediately put this new element to work inflating 
balloons and dirigibles. 

Of course, you can’t always trust an astronomer. 
They also reported a missing element that they called 
nebulium. After a great deal of work chemists found 
that the same spectral lines which had been assigned to 
nebulium could be duplicated by oxygen and nitrogen 
in an ionized state. 

Analysis of Meteorites. Occasionally we are for- 
tunate to have some matter from outer space fall on the 
earth. We call such pieces of matter meteorites. 
About one in thirty of these are metallic, primarily iron. 
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The remainder are stone. When meteorites are an- 
alyzed chemically they react just like ordinary earth 
stone or iron. Also, when analyzed spectroscopically 
they give off the same lines as earth stone or iron. 
This is evidence that our interpretation of the consti- 
tution of the stars by the spectroscope is correct. 

One interesting question proposed by the astronomer 
is: ‘How old are these meteorites and when did the iron 
first cool to form a solid piece of metal?’ The chemist 
can answer this question for him. Careful analysis 
reveals small quantities of helium locked inside the iron 
crystals. Helium is a gas and would have escaped from 
the liquid iron. Thus, when the liquid iron first became 
solid, there undoubtedly was no helium present. 
Where did it come from? Further analysis reveals a 
small amount of uranium. Uranium decomposes 
slowly and forms helium. This, then, is the clue to the 
age of the meteorite. From a careful determination of 
the relative quantities of uranium and helium, it can be 


calculated that the iron meteorites solidified 
2,500,000,000 years ago. 
Rotation of the Sun. The spectroscope can be used to 


glean additional information; for instance, to determine 
how rapidly the sun is rotating about its own axis. 
This is done by an application of the Doppler effect 
with light. A good experiment to illustrate the Dop- 
pler effect is to have a friend get in one automobile and 
you in another; then to drive past each other in oppo- 


Willamette Meteorite found near Oregon City in 1902 is the largest single meteorite found in the United States. 


Weight: 15 1/2 tons 
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site directions at 40 miles per hour. Have your friend 
keep his hand on the horn button. As your friend 
approaches, his horn will sound high in pitch like “eee”. 
as the car goes away from you after you have passed it, 
the horn will sound low in pitch like “oor.’’ Then, 
even with your eyes shut (but don’t do it!) you can tel] 
whether the car is approaching or leaving just by the 
sound. Now let us suppose that there is a horn on each 
side of the sun. The horn on the side which is ap- 
proaching you would go “eee’’; the one on the side 
that was leaving you would go “oor.’’ The faster the 
rotation of the sun, the faster would one horn be ap- 
proaching and the other horn be leaving, and therefore 
the greater the difference in pitch. 

There is no horn and there are no sound waves but 
there is hydrogen on both sides of the sun and the 
hydrogen is giving out light waves. By analyzing 
these waves with a spectroscope, we can tell the differ. 


_ence in wave length of the light waves of the same 


spectral lines and hence deduce the speed of rotation. 
At the Mount Wilson Solar Observatory there is a 
giant combination telescope and spectroscope which 
over-all is half as long as a football field. The image of 
the sun formed by this telescope is 16 inches in diameter. 
The slit of the spectroscope, which is the window into 
which light enters for analysis, is only about '/ 99 of an 
inch wide. This small window may be placed on one 
side of the 16-inch image of the sun or on the other side. 
When this is done, a differ- 
ence in wave length is found 
between the hydrogen lines 
from the east and _ west 
sides of the sun and calcula- 
tions show that the sun 
takes four weeks to rotate 
once. It also shows that 
the equator rotates at a 
different speed from the 
poles. This is evidence of 
the fluid nature of the sur 
face of the sun. 
Temperature of Stars. 
Another question asked of 
the astronomer is: ‘What 
is the temperature of stars?” 
By far the most reliable way 
of telling the temperature 
is to ask a spectroscopist to 
determine the ionization of 
the atoms. Atoms are like 
people in that they take off 
some of their clothes when 
they get hot. Motion 
pictures of people walking 
up and down a city street 
would show the people all 
bundled up in overcoats, 
hats, and mufflers, if the 
day was cold. If the men 
were all in shirt sleeves the 
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day was warm. Atoms are clothed in electrons. On 
Gamma Velorum, where it is very hot, somewhere 
around 50,000° K. on the surface, the atoms have 
all shed two or three electrons. On such a star there 
js no opportunity for a chemist who is interested in 
linking atoms together in diverse combinations, because 
the first electrons to be lost are the valence electrons. 
Every atom leads an individual existence. It is too hot 
for any two atoms to join together to form a compound. 
The spectroscope lines in the spectrum from a star 
show its temperature just as truly as a motion picture 
showing shirt sleeves on passing pedestrians indicates 
a warm day. On a cooler star such as the sun, some 
atoms, like calcium, feel it is still too warm and have 
taken off one electron, but most others, such as iron, 
are fully clothed. In fact, on the sun at 6000°K., 
some atoms have joined together, and we observe such 
a compound as cyanogen, which is carbon linked to 
nitrogen. 

On the really cool stars, such as Betelgeuse, which is 
a mere 2600°K., nearly all the atoms are fully clothed 
with electrons and compounds are quite abundant. 
Titanium oxide is a common compound on stars if 
oxygen is plentiful. These observed temperatures are 
surface temperatures. They are the outside tempera- 
tures of a body that is doing its best to cool off by radia- 
tion. The inside of the star, where the heat is .enera- 
ted by an atomic-bomb reaction, is much hotter. It 
reaches 29,000,000°K. inside the sun. Here it is so 
hot that the atoms have taken off their electron clothes. 


The electrons that atoms wear when they are cool are 
like hoop skirts that keep them away from their 
neighbors but with the electrons removed, as in the 
center of a hot star, the atoms can pack closely together. 
Consequently, the matter in the center of many stars 
is very heavy. If a man were made of some of this 
heaviest matter, and weighed just as much, he would 
be about one inch high. He would be so hot that he 
would immediately set fire to his surroundings and 
would give off so many X-rays that he would kill all 
life in the immediate vicinity. Obviously, this is an 
impractical material of construction here on earth. 

The Planets. Complicated chemical compounds— 
and hence life—cannot exist on a star, but must have 
something like an earth which, because it is too small 
to have atomic-bomb reactions taking place of their 
own accord, is cool. 


The moon is a forbidding mass of gray rock with no 
atmosphere. The rocks, which reflect only 7 per cent 
of the sunlight, are gray because of the ferrous iron in 
them. Mercury, the smallest and innermost planet, is 
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like a moon in that it, too, is a mass of dry rock with no 
atmosphere. 

Jupiter is a beautiful planet. It has belts of red, 
brown, and green-colored atmosphere. Here again, the 
spectroscope comes to our aid to find out what is what, 
this time by absorption spectroscopy, and we find that 
the atmosphere is a mixture of methane and ammonia. 
It is suspected that the red and brown colors come from 
traces of sodium and potassium dissolved in the clouds 
of ammonia. 

Saturn is a little further away from the sun than 
Jupiter, a little cooler, and most of the ammonia has 
been frozen out of the atmosphere, particularly from 
the north and south pole that take on the green color of 
pure methane. Here on earth we pipe marsh gas or 
other natural gas to our gas stoves, pay whatever is 
indicated by the gas meter, and burn it in air which is 
free. On Saturn we would have to pipe air to our air 
stoves, pay what is indicated on the air meter, and burn 
it in gas which is free. This is just one of the many 
differences between life here and there—but we do not 
believe there can be any life there! 

Mars is a dying world. It looks rusty. In fact, it 
is rusty. This is because the iron in the soil on its 
surface rocks has been oxidized to the red ferric oxide. 
The little vegetation which is on Mars is unable to keep 
a supply of oxygen in the air. This may be because 
there is very little water on Mars, only enough to form 
white polar ice caps during the winter season. 

Venus is an embryonic world. It reflects 60 per 
cent of the sunlight and appears white. This white 
color is attributed to dense clouds of moisture in its 
carbon dioxide atmosphere. When the sun fades out a 
little bit so that Venus cools down a little bit, there is a 
good chance that plants can start to grow. Once this 
happens, oxygen will be put in the atmosphere in in- 
creasing amounts and finally animal life as we know it 
may be possible. 

Our general survey of cosmic chemistry thus reveals 
that the same chemical elements and the same chemical 
laws which govern their behavior apply throughout the 
entire universe. There may be excessively high and 
low temperatures and pressures, but the chemist, with 
his training on earth, would be able to understand what 
is going on anywhere he might be placed in the universe. 
The chemical reactions on earth are the most com- 
plicated of all, because temperatures are neither high 
enough to break up complex compounds nor so low 
that the atoms are too inactive to combine. There- 
fore, if a chemist wishes to practice his profession to its 
most complete development, it is advisable for him to 
remain on the earth. 


F’rom an economic standpoint, in many countries of 
the world the food industry far surpasses all others. 
This is true here in the United States. Farm workers 
number 6'/2 million in full-time employment, with a 
peak number of 10 million during harvest. The manu- 
facturing and processing segments of the food industry 
employ 1'/2 million more. Retail food stores add yet 
another million. It is estimated that a full 30 per cent 
of the working population of the United States is in the 
food industry, directly or indirectly, if we include those 
in transportation, can manufacture, and the like. Out 
of a current annual disposable income of $231 billion,? 
$57 billion, or approximately 25 per cent, will be spent 
for food this year, comprising over 30 per cent of the 
budget of the average American family. These figures 
serve to emphasize the major role that the food in- 
dustry plays in our society. On the strictly personal 
side, food is the matter of first importance to the in- 
dividual. It has been stated that, “Half the struggle 
of life is a struggle for food.”’ For those fortunate 
enough to live in the United States, expenditures for 
food, as we have seen, demand scarcely a third of one’s 
income, but in most of the world, at the economic level 
at which the majority of families live, about as much of 
one’s individual effort, or earnings, must be spent for 
food, as upon all other items of living combined, if 
health and efficiency are to be maintained. It is little 
wonder, then, that chemists, in their development of 
scientific knowledge, have been called upon to give 
much attention to chemical aspects of foods. 

In the past generation we have seen the spread of 
chemistry more and more into medical and biological 
research. Little by little this has filtered down into the 
teaching approaches to these branches of science. Simi- 
larly in the future we will witness a change of teaching 
content in this young and expanding field of food chem- 


1 Address delivered to the NEACT at the 14th Summer Con- 
ference, University of Vermont, Burlington, Vermont, August 22, 
1952. 

2 Source: Department of Commerce. First half projected to 
annual rate. 
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istry. The stimulation of research in our own and other 
major food companies will, in the years to come, call fora 
larger fraction of the available chemists and impose a 
growing responsibility on teachers of chemistry tw pre- 
pare students specifically for this field. 

The rate of increase of professionally trained persons 
in the industry is well illustrated by the rapid rise in 
the number of food technologists. In 1937 one might 
have mustered a total of a few hundred in the entire in- 
dustry. Today there are well over five thousand 
scientists and engineers who could be designated as food 
technologists. There has been a similar growth in the 
number of institutions offering formal training in this 
profession. From a single one in 1940 such curricula 
are now offered in at least a dozen major colleges and 
universities. 


MAJOR ASPECTS 


In the hard school of experience mankind patiently 
learned successful methods for the growing of food 
crops. He discovered how to process foodstuffs for 
utilization in his kitchen, and worked out certain meth- 
ods of storage, which enabled him to hold foods after 
harvest or processing for later consumption. Thus, 
through the centuries, there developed well-established 
arts in soil tillage, seed selection, harvesting methods, 
and the preparation of foodstuffs for human consump- 
tion. The origin of the arts of butter churning and 
cheese making are lost in the mists of antiquity. The 
pyramids of Egypt reveal that knowlege of baking had 
reached a high stage of perfection in the days of the 
Pharaohs. Methods for fermentation of grain and other 
sources of alcohol for beverage use are as old as the 
history of mankind. Science, on the other hand, is 
newly come to the food industry. 

In considering the place of chemistry in this field we 
may view it from the standpoint of the chemical as- 
pects of the materials themselves, which might be 
termed in vitro. Or we may approach the subject 
from a study of the manner in which foods support 
life—an in vivo approach. One may begin with the 
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production of foodstuffs and find how chemistry has 
improved agricultural methods. One could then turn 
to a consideration of the chemical changes involved in 
various methods of food processing, e. g., salting, 
smoking, preserving, pickling, freezing, and de- 
hydrating. Finally, one might study the ramifications 
of chemistry in the storing of foods to prevent oxidation, 
rancidification, discoloration, and other chemical re- 
actions which render food unappetizing, unpalatable, 
and even toxic. 

The application of chemistry to feods, as items in the 
diet, has, in the past fifty years, been successively con- 
cerned largely with: (1) a study of the energy relation- 
ships for food; (2) investigation of the role of the var- 
ious mineral elements in nutrition; (3) a breakdown 
of the proteins into their constituent amino acids; (4) 
isolation, identification, and synthesis of vitamins; and, 
most recently, (5) investigation of the mechanisms by 
which recognized dietary elements react in the body to 
achieve their observed functions. 

If one examines the horticultural branch of the food 
industry, one quickly realizes why agricultural chemi- 
cals constitute one of the fastest growing segments of 
chemical industry. From 100 million pounds of annual 
production twenty years ago, the yearly output of such 
chemicals (not including fertilizers) has grown to 1.2 
billion pounds, valued at $250 million. The importance 
of this development to farmers is illustrated by the re- 
port of the Mississippi Agricultural Experiment Station 
for 1950, that no less than three-quarters of the state’s 
cotton output that year resulted directly from the ap- 
plication of insectides for boll-weevil control. It is 
estimated that even today agricultural pests in the 
United States cause an annual crop loss of $4 billion 
from fungi and plant disease, $4 billion from insects, 
and $5.billion from weeds. Their complete elimination 
could increase crop yields by 40 per cent. 

When one reflects that our population in the United 
States has for some years been increasing by 2 million 
annually, one can easily calculate that by 1975 we shall 
require a third larger food supply than in 1950. Farm 
population has been declining for years, and arable 
land cannot be greatly increased beyond that under 
cultivation today, and then only at heavy expense. 
Through more intensive application of improved agri- 
cultural chemicals we can hope to obtain higher yields 
of better foods with less manpower. Chemistry has a 
large part to play in arriving at this goal. 


PESTICIDES 


While it is true that the bulk of pesticides used still 
consist of the tried and true inorganics such as sulfur, 
lime, arsenates and arsenites, organic chemical re- 
search is turning out a growing stream of new com- 
pounds for agriculture. World War II highlighted the 
value of DDT in controlling malaria and typhus. This 


compound is highly toxic to insects, both as a contact 
and stomach poison, and has found widespread use in 
controlling coddling moths and corn borers, as well as 
flies and mosquitoes. DDT is the common abbrevia- 
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tion for 1, 1, 1-trichloro-2, 2-bis (p-chlorophenyl) eth- 
ane. If we replace the two chlorines on the benzene 
rings with methoxy groups, we obtain methoxy-chlor, 
which is less than 10 per cent as toxic to higher animals 
as DDT. It is therefore useful near harvest time for 
fruits and-vegetables, as well as preferable for a flyspray 
in dairy barns. If fluorine replaces these chlorine 
atoms, we obtain DFDT, while introducing a hydrogen 
for chlorine in the ethane radical of DDT yields TDE. | 

Many of the chlorinated hydrocarbons, such as 
benzene hexachloride, are effective insecticides. BHC 
is really hexachlorocyclohexane, five isomers of which 
have been isolated. The gamma form is the effective 
one. Crude BHC contains about 12 per cent of this, 
and has a strong musty odor which limits its usefulness 
on food crops, although it is proving very helpful a- 
gainst the boll weevil. ‘Lindane,’”’ which is mostly 
gammexane, can be used on crops where the cruder 
BHC form is unacceptable. 

Chlordane, which is an octochlor derivative of sub- 
stituted methanoindene, and toxaphene, which is a 
mixture of chlorinated terpenes, mostly camphene, 
have proved effective against flies, grasshoppers, cotton 
insects, and livestock pests. 

Another group of new organic insecticides are phos- 
phorus compounds, of which Parathion is probably the 
best known. These are highly toxic at extremely low 
concentrations. They act to inhibit cholinesterase, an 
enzyme found in the nerve tissue of animals. These 
phosphorus-containing compounds destroy the delicate 
functioning of the nervous system, and thus kill the in- 
sect. 

Defoliating agents and herbicides have been a fruitful 

field for chemical research. Doubtless many of you 
have tried 2, 4D (which is 2, 4-dichlorophenoxyacetic 
acid) to kill that perennial pest of our lawns, plantain. 
This compound destroys a wide range of broad-leaved 
plants. A closely related compound, (2, 4, 5-T) tri- 
chlorophenoxyacetic acid, is now being used effec- 
tively against various types of brush and woody plants, 
particularly mesquite. Calcium cyanamide and Endo- 
thal are finding increasing application in the defoliation 
of cotton. _ . 
. Chemical research has led to the development of a 
number of fungicides of rather specific action. Various 
thiocarbamates, naphthoquinones, pyrazoles, and gly- 
oxaldines have proved useful fungicides, though as yet 
these new organics constitute less than 5 per cent of the 
total production of this class of agricultural chemicals. 

Chemical growth regulators, antibiotics for control of 
such plant diseases as pear blight, rodenticides such as 
ANTU (a-naphthyl thiourea) and warfarin (a cou- 
marin derivative) represent other fruits of chemical 
effort in the agricultural field. 


SOIL CONDITIONERS 


I cannot leave this subject without some reference to 
the soil conditioners which this year have occupied so 
much space in the garden news because of their ability 
to improve the friability and degree of tilth of soil. 
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Most of these conditioners are derivatives of hydrolyzed 
polyacrylonitrile. This typé of compound was de- 
veloped by American Cyanamid some fifteen years ago, 
as a chemical to be used in the per buna type of rubber. 
Polyacrylonitriles have also been used for oil well muds 
for some years. Monsanto’s sales staff saw possibili- 
ties in promoting these polymers as soil conditioners, 
and this company launched a large advertising cam- 
paign last fall on their Krilium for such use. Despite 
the high cost of the acrylonitriles, the excellent results 
obtained in improvement of the tilth of heavy soils ap- 
peared to offer a real opportunity for developing a wide 
market for such soil conditioners. The sodium salt is 
water soluble, and hence, can be sprayed onto the top 
layer of soil. The insoluble form has to be mixed with 
the upper layer of soil after digging. The expense in- 
volved at present is so high as to definitely limit the 
market. Prices decrease from a single pound cost of 
five dollars to four dollars in ten-pound lots. Many 
companies are promoting this use of acrylonitriles under 
brand names such as Soilife, Aerotil, Poly-Ack and 
Agrilon. There is promise that the acetylene branch of 
the industry will eventually be able to produce poly- 
acrylonitrile at a cost of 30¢ per pound, which might en- 
able these soil conditioners to be sold in quantity at a 
price as low as $1 per pound. It remains to be deter- 
mined how far the application of these relatively costly 
- chemicals will progress in the agricultural field. 

Allied in interest to these soil conditioners are the 
chemical fertilizers, which are constantly expanding in 
variety and tonnage.: In 1950 synthetic ammonia pro- 
duction had grown to approximately 1.5 million tons, 
world-wide. Phosphatic fertilizer production is in- 
creasingly important in expanding our food crops. 
With continued support of basic chemical research, and 
better use of our scientific knowledge, we can reason- 
ably expect to feed our 200 million citizens in 1975 as 
well, if not better, than we did 150 million in 1950. 


FOOD PROCESSING 


When one turns to the processing of foods, one finds 
that science is slowly displacing the older art, and that 
chemistry cooperates with physics and biology in 
steadily improving the technology of the industry. 
Chemical analysis has become a reliable tool for control 
of raw materials and plant processes, despite the limita- 
tions imposed by the complicated natural systems oc- 
curring in foods. New methods utilizing the improve- 
ments in instrumentation and techniques such as flame- 
photometry and infrared spectroscopy are being rapidly 
developed by the analytical chemist and applied to 
foods. Chemical research is bringing many new deter- 
gents to help the sanitarian in his efforts to keep food 
plants clean. The chemist has shown the meat packer 


how to cure hams and bacons quickly and uniformly by 
“pumping” them with a brine of exact composition and 
acidity. By-products of the meat industry, through 
chemical research, now yield valuable hormone extracts, 
fatty-acid compounds, enzyme preparations, phar- 
Cortisone and ACTH, 


maceuticals, and vitamins. 
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which promise to be valuable in controlling rheumatoid 
arthritis, are recent end products of such studies, 
Similarly, in the fish industry, chemical research has 
isolated valuable vitamins from shark, halibut, and 
haddock livers, and, more recently, the ‘“‘animal factor” 
in “stick water’ which lead to the isolation of vitamin 
By. 

While physics and biology make major contributions 
to successful processing of foods by sterilization, 
chemistry provides much useful information on changes 
which occur during processing. The plant man is 
thereby supplied with data which enable him to change 
operating conditions intelligently, so as to achieve his 
goal of preservation with a minimum of change in the 
product. 

In preserving foods by freezing, chemical research has 
been applied to provide methods for the selection of 
suitable varieties, evaluation of proper maturity, and 
improvement of packaging. The recent tremendous 
upsurge in frozen concentrated fruit juices, while made 
possible largely by engineering developments, owes 
much of its popularity to the work of the chemists in 
maintaining uniformity of product quality. 

These examples are but a few of the innumerable ap- 
plications of chemistry to food processing which have 
insured a wide variety of choice in quality foods ready 
for our tables at a few minutes notice. But in the 
slowly moving channels of distribution, which carry the 
product from the food plant to the consumer’s cup- 
board, there is an inevitable time lag, during which 
chemical change is continually threatening the color, 
flavor, and wholesomeness of the food. 

Methods for retarding oxidative changes have long 
engaged a considerable part of the attention of the food 
chemist. Natural fats, whether animal or vegetable, 
succumb quickly to oxidation. Hydrogenation of 
vegetable oils results in stable fats which serve well the 
margarine and baking and (quite recently) the ice- 
cream industry. The development by the chemist of 
edible antioxidants, such as nordihydro guiaretic acid, 
propylgallate esters, and butylated hydroxyanisole, 
and their use in minute amounts now gives us lard 
and other animal fats of excellent keeping quality, 
even under quite adverse condition. 

Butter fat is notoriously short lived, so far as good 
flavor is concerned. In butter, it slowly splits through 
lipolysis to develop rancidity or fishiness. The chemist 
has learned that the shorter the period between the cow 
and the churn, the longer the storage life of the butter, 
other factors being constant. When reduced to dry 
form, whole milk will become unpalatable under or- 
dinary atmospheric conditions in sixty to ninety days 
because of oxidative rancidity. Chemical research has 
led to complete elimination of this off-flavor through 
packing in a sealed container, under an atmosphere of 
nitrogen or carbon dioxide. It was established that if 
the residual oxygen is reduced to about 1 ml. per 100 
grams of milk powder no oxidative change detectable in 
flavor will occur, though a certain lack of freshness in 
taste will be evident with time. 
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BROWNING 


Another type of undesirable change which develops 
in certain kinds of food with prolonged storage is known 
as nonenzymatic browning. It has been established 
that this arises from a chemical reaction between re- 
ducing sugars and amino acids and is termed the sugar- 
protein reaction. Although first remarked by Maillard 
in 1912, the most intense study of the phenomenon has 
occurred in the past ten years, stimulated by wide 
spread deterioration of many foods shipped to our 
Armed services during World War IT. 

The incidence of browning causes unpalatability in 
evaporated and sweetened condensed milks, dried eggs, 
dehydrated vegetables, dried soup mixes, and dried 
fruits, as well as many other food products. The prob- 
lem of the cause of nonenzymatic browning was vig- 
orously attacked from many angles during the late war. 
Departments of pure chemistry have now become in- 
terested in the chemical reactions involved in this 
phenomenon. They are investigating the nature of 
the degradation products which result in the brown 
coloration in foods. These researchers are finding 
some extremely interesting facts of wider application 
then in food chemistry alone. One interesting observa- 
tion is that the browning reaction can be avoided by re- 
ducing moisture content in foods to very low levels or 
by considerably increasing it. 

Browning in dried eggs during storage was found to be 
greatly retarded by reducing the moisture content be- 
low one percent. Prefermentation of the dextrose pres- 
ent in the egg albumen slowed down browning ap- 
preciably. Addition of lactose or sucrose before spray- 
drying greatly extended storage life of dried whole egg 
and gave greater than normal solubility after storage. 

In dairy products browning is a complex function of 
time and temperature. At certain stages it appears to 
be autocatalytic. It is characterized by the develop- 
ment of acidity, a fall in pH and in oxidation-reduction 
potential, and pronounced loss of optical activity. The 
extent of the reaction in dried milk and dried whey is 
dependent on the moisture level and on temperature, 
but not on the oxygen level. Methods for retardation 
are similar to those effective for dried eggs. 

Darkening of concentrated orange juice is due to the 
browning reaction. The phenomenon develops rapidly 
in dried fruits of 12 to 18 per cent moisture content and 
low sulfur dioxide. In dehydrated vegetables the rate 


‘of browning is a function of increasing temperature and 


moisture content. Sulfur dioxide has proved effective 
for inhibiting this discoloration in shredded dried ¢o- 
conut. Because of the complexity of the systems pres- 
ent in natural foods, it is difficult to measure or eval- 
uate all the factors involved in the browning reaction, 
and it remains a fertile field for chemical research. The 
maple sirup farmer of Vermont has taken advantage of 
this phenomenon in the boiling off of sap. He con- 
centrates the liquid in an open kettle and develops a 
characteristic flavor in the sirup as he hastens the 
browning reaction with heat. Study of this process by 


chemists led to the patenting of a method for producing 
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an imitation maple sirup by a controlled browning 
reaction in ordinary sucrose sirup. This development 
makes possible the enjoyment of the maple type of sirup 
flavor by many thousands who could never be supplied 
from the small stocks available of natural maple sirup. 


FOOD ADDITIVES 


One very timely topic at the moment is the matter of 
chemical additives in food. The reports of the De- 
laney Committee, which have just been made public, 
have spotlighted the role of chemicals in the food in- 
dustry. Their use is by no means novel, for sodium 
bicarbonate, calcium chloride, disodium phosphate, 
various citrates, aid tartrates have been standard in 
food processing for years. Vanillin, edible dyes, 
gums, and benzoate have long had official sanction. 
The difficulty today arises out of the sales promotion of 
new chemicals, mostly organic, by manufacturers who 
may lack complete data concerning the chronic toxicity 
which the compound may develop with continued in- 
gestion of foods to which they may be added. Just re- 
cently, standards for bread have been set by the Food 
and Drug Administration, which ruled out the use of 
such synthetic emulsifiers as poly-oxyethylene mono- 
stearate, while permitting those of natural origin such 
as mono- and di-glycerides. A ruling of this sort ap- 
pears a bit difficult to justify on chemical grounds, and 
the Court of Appeals has granted a stay in the effective 
date, pending a judicial review of the evidence. 


NUTRITION 


Equally important in a consideration of the chem- 
istry in foods is the development of our understanding 
of their nutritional aspects. In the early years of this 
century, as nutritional chemistry developed, we found 
out much about the energy relationships and functional 
character of fats, proteins, and carbohydrates. Im- 
provement in methods for detecting trace elements and 
new techniques in biochemical studies with live sub- 
jects then led to an appreciation of the necessity for 
iron, copper, molybdenum, calcium, cobalt, and other 
minerals in the diet of men and animals. 

The brilliant investigations of W. C. Rose and his co- 
workers next revealed that important qualitative dif- 
ferences exist between various proteins, and this work 
stimulated ten years of intense study of the amino 
acids, and their contribution to growth and good 
health. During the late thirties and forties, the chem- 
ical identification and synthesis of nearly all of the 
vitamins, and the uncovering of the linkage between 
vitamins and the enzymes, which serve as catalysts for 
their action in the body, enlarged our understanding of 
the mechanisms by which vitamins function. 

By the beginning of World War II, there had come 
general recognition that the human diet to be adequate 
should contain: (1) milk, meat, eggs, fish or other high 
quality animal proteins, (2) green leafy vegetables, (3) 
tomatoes, oranges, lemons, berries, and other good 
sources of ascorbic acid, (4) sufficient fats and carbohy- 
drates to provide needed calories for energy. Subse- 


quent research in the chemistry of nutrition has 
strengthened the earlier view that these foods contain 
all the nutrients essential to maintaining good health. 

Most recently the emphasis in nutritional research 
has turned to the problem of the mechanisms by which 
the recognized dietary elements react in the body to 
achieve their observed functions. Here the utilization 
of isotopes, both stable and radioactive, has provided a 
useful tool for biochemical syntheses to help unravel the 
fate of nutrients in the intermediary metabolism. It is 
now well recognized that there is an interdependence of 
problems involving the different components of the diet 
which necessitates a reorientation of viewpoint. 

One of the most active aspects of present-day re- 
search in this field is that concerned with the multiple 
forms in which vitamins occur in food linked to many 
different and interchangeable groups. Man appears 
able to utilize the vitamins efficiently, despite these 
varieties of conjugated forms. 

Certain evidence now available tends to show that 
rapid early growth may actually prove undesirable at 
times, since it may result in overweight and increased 
instances of degenerative diseases during maturity. 
Under particular specialized conditions of abnormal 
metabolism, there are some indications that nutritional 
optimal diets may not be desirable. The subject of the 
relationship of the level of cholesterol in the blood to 
such degenerative conditions as hardening of the ar- 
teries and cardio-vascular abnormalities has been the 
objective of many extensive research programs, both 
with humans and experimental animals. While the 
deposition of cholesterol on artery walls frequently is 
found in older people, this does not appear to be an 
essential characteristic of the aging process. It is 
difficult to make interpretations of the relative im- 
portance of the level of cholesterol intake and faulty 
utilization in the metabolism. Since it has been dem- 
onstrated that surplus fats and sugars within the 
body may be major sources of labile acetate groups, 
which form a major unit in the cholesterol synthesis, 
it is suggested that a reduction in total caloric intake, 
rather than a particular decrease in high cholesterol- 
containing food, such as eggs, may be the real answer to 
retarding the deposition of cholesterol in the arteries. 
With an increase in the average expectancy of life, such 
problems in geriatrics as these become increasingly im- 
portant in the general public health picture. 

Another striking example of the interrelationships 
between nutrients is the interchangeability which has 
been discovered between ascorbic acid and ACTH in 
correcting the defective metabolism of aromatic amino 
acids in premature infants. There are many inter- 
changeabilities apparently of this sort, such as that be- 
tween methionine and choline, and between folic acid 
and By. In the rate of growth and prevention of ane- 
mic conditions, in experimental animals, there seems 
to be a sparing action of methionine, folic acid, and 
vitamin By. In some of the most recent work in this 
field there are indications that the addition of the citro- 
vorum factor or folinic acid is of considerable value as a 
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protective agent against macrocytic anemia. This 
factor may also be of importance in the clinical manage. 
ment of leukemias, serving as an adjunct to the folie 
acid antagonists which are used in the clinical treatment 
of neoplastic diseases. This latter finding is another 
example of the interrelationship of nutrients with which 
research in food utilization is so greatly concerned to- 
day. It is not too much to hope that the extension of 
our chemical knowledge in this direction may provide 
methods whereby the modern degenerative conditions 
and derangements of metabolism such as cardio-vas- 
cular diseases, diabetes, kidney disease, neoplastic 
disease, and rheumatoid diseases may at last be brought 
under control. 

There has arisen considerable controversy concerning 
the addition of a chemical for nutritional purposes 
through the advocacy of fluoridation of public water 
supplies, as a means of controlling dental caries. The 
preponderance of evidence seems to indicate that, under 
good technical control, the addition of fluorides main- 
tained in the water supply in the proportion of one part 
per million may greatly benefit a large fraction of our 
pupulation. Considerable controversy still exists in 
certain communities relative to fluoridation, but pres- 
ent evidence minimizes the danger of chronic toxicities 
resulting from such a practice. 


FOOD SYNTHESIS 


One final aspect of the chemistry of foods merits 
further brief consideration. Chemical research is lead- 
ing to the synthesis of food substances under controlled 
conditions in laboratory or plant. Yeasts and algae are 
being grown for foods. Citric and tartaric acids are 
being produced by deep vat fermentation methods until 
they now begin to pose a serious threat to supplies from 
natural sources. Thiamine and ascorbic acid from 
organic synthesis probably represent the first steps in 
obtaining most of the vitamins from other sources than 
natural elaboration in foodstuffs. Fats are being ob- 
tained by synthesis from petroleum and it only remains 
to discover how their nutritional properties can be im- 
proved to make these an important factor in our over- 
all fat supply. Petroleum has also become a major 
source of synthetic alcohol, though long-established 
legal requirements that potable spirits must come from 
grain still prevents its use as a beverage or food. 

It would appear that synthetic chemistry will in the 
not too far distant future loom large as a producer of 
food substances. 

I have indicated some of the directions in which 
significant progress has been made and in which inten- 
sive research effort is being exerted towards the under- 
standing of the manner in which foods function in the 
body and in the development of improved methods of 
cropping and processing of foods. Through the applica- 


tion of chemistry and its sister sciences the food industry 
will continue to provide for the American housewife in 
the years to come a bill-of-fare which is more varied, 
more nutritionally adequate, and far less laborious in its 
preparation. 


> 
= 
Th 
clean 
Some 
clean 
rubb 
After 
rubs 
the 
ent b 
pins 
enou; 
show 
upPe 
Los 
and F 
first t 
perio 
altho 
thous 
who t 
Vil 
very 
. 
copist 
actu 
h 
rap € 
“ant 
lant 
Nors} 
ide” 
ry 
the n 
| 


ATION 


This 
anage- 
e folie 
tment 
nother 
which 
ed to- 
sion of 
rovide 
litions 
O-Vas- 
plastic 


ought 


erning 
rposes 
water 

The 
under 
main- 
e part 
of our 
sts in 
pres- 
icities 


merits 
; lead- 
rolled 
ae are 
ds are 
until 
s from 

from 
eps in 
s than 
ug ob- 
mains 
be im- 
 over- 
major 
lished 


> from 


in the 
cer of 


which 
inten- 
ander- 
in the 
ods of 
yplica- 
dustry 
vife in 
raried, 


s in its 


To the Editor: 

There is available at gas stations in New Orleans a 
cleaning fluid, the composition of which I do not know. 
Some time ago I procured two or three gallons (it is 
quite inexpensive) which my wife proceeded to use in 
cleaning draperies. To protect her hands she wore 
rubber gloves which she bought at the “5 and 10.” 
After two or three immersions it was obvious that the 
rubber gloves were getting bigger. Indeed, what hap- 
pened took on such a ludicrous complexion that we 
found ourselves in unabatable laughter. The gloves 
got bigger and bigger—the fingers got as large as rolling 
pins and the wrist of the glove was eventually large 
enough for me to step into! How long this enlarging 
process could have continued I do not know for my 
merriment at this episode forbade further experimental 
inquiry! I leave it as an exercise for the chemists -to 
show the mechanism analytically and to predict the 
upper limit. 


JuLius SUMNER MILLER 
Los ANGELES, CALIFORNIA 


To the Editor: 

Ricardo Carvalho Ferreira writes (J. CHem. Epuc., 
29, 372 (1952)) that G. E. Villar, in 1938, was the first 
to propose the actinide hypothesis, and that Glockler 
and Popov (J. CHem. Epvuc., 28, 212 (1951)) were not the 
first to propose that the neutron may be included in the 
periodic table as the element of atomic number zero, 
although C. D. Coryell (J. Cuem. Epuc., 29, 62 (1952)) 
thought they were. However, Ferreira does not know 
who the originator of the latter idea is. 

Villar was not the first to propose the actinide hypoth- 
esis (although it should be added that his work is 
very much worth-while and ought to be referred to 
more often). J. R. Rydberg, the celebrated spectros- 
copist, did so, 39 years ago (Lunds Univ. Ars., 9 (18), 
5 (1913)), though he did not, of course, use the term 
“actinide.”’ V.M. Goldschmidt, the noted crystallog- 
tapher and geochemist, who first proposed the name 
“lanthanide” (Goldschmidt, T. Barth, and G. Lunde, 
Norske Videnskaps-Akad. 1. Mat.-Naturv. Klasse, 
No. 7, 10 (1925)), also first proposed the name “acti- 
nide”’ (Travaux du Congres Jubilaire Mendeleev, 2, 387 
(1937)). For those who are interested in other details, 
the most complete and most reliable treatment of the 
history of the actinide hypothesis is that of Glenn T. 


Seaborg (‘‘Place in Periodic System and Electronic 
Structure of the Heaviest Elements,’’ Nucleonics, 5 (5), 
16 (1949)). 

C. G. Bedreag (Compt. rend., 200, 1197 (1935)) was 
probably the first to include the neutron, as the “ele- 
ment”’ of atomic number zero, in the periodic system. 
He also included alpha particles, positive and negative 
protons, electrons, positrons, and neutrinos in his table. 
A decade earlier, F. H. Loring considered including the 
electron and, if I recall correctly, though I am now un- 
able to locate it in the literature, he later included the 
neutron and considered it to be the first noble gas. 

Personally, however, I can see no advantage whatso- 
ever in including anything but actual elements in a 
periodic table, for is not the purpose of a periodic table 
to point out the relationships among the chemical ele- 
ments? (E.g.,see Hakata, R. W., J. Phys. Chem., 56, 
178 (1952).) I do not wish to appear (overly) face- 
tious, but how many outer electrons does a neutron 
have?(!) 

Having discussed Ferreira’s problem brings to mind 
another question of prior authorship: who first wrote 
Z = 2(1? + 2? + 2? + 3° + 3? +... .) to give the 
atomic numbers of the noble gases? Although this series 
is ascribed to Rydberg, the reference which is always 
cited (Phil. Mag., 28, 144 (1914)) does not mention 
this series at all; what it does mention, however, is ex- 
tremely interesting. According to the authors of 
books and articles in which this reference is cited, Ryd- 


berg was supposed to have noticed regularity in the 


atomic numbers of the noble gases, thus giving rise to 
the series now bearing his name. Yet in the reference 
cited, Rydberg argues strongly against Moseley’s 
atomic numbers! Here is the story behind theargument. 

As a result of his extensive studies of the numerical 
relationships among the atomic weights of the ele- 
ments, Rydberg came to the conclusion that the chemi- 
cal and physical properties of atoms are not periodic 
functions of their atomic weights but, instead, of what 
he called the “ordinal numbers” of the elements (‘‘Elek- 
tron, der erste Grundstoff,”” Hakan Ohlssons Boktryc- 
keri, Lund, Sweden, 1906, pp. 8 and 9; available at the 
John Crerar Library, Chicago) and that, therefore, the 
elements should be arranged according to their ‘“‘ordinal 
numbers” and not their atomic weights. (See also his 
article in Rev. gen. sci., 25, 734 (1914).) Having deter- 
mined the ordinal numbers of all the known elements, 
he was then able to (correctly) point out all the remain- 
ing gaps in the periodic system. 

He arranged a!l the elements, known and unknown, 
in quadratic groups of 4p? elements each, where p had 
the values 1, 2, 3, and 4, giving groups of 4, 16, 36, and 
64 elements, each consisting of two subgroups of 2p* 
elements; 7. e., there were 2 periods of 2 elements each, 
2 periods ef 8 elements each, 2 periods of 18 elements 
each, and 2 periods of 32 elements each in his system 
(Lunds Univ. Ars., 9 (18), 5 (1913)). (Rydberg was a 
spectroscopist, with a spectroscopist’s love of order and 
symmetry.) 

Since the inert gases were thought to be the key to the 
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periodic system, he ended each period with an inert gas, 
just as most modern authors do. Then, in order to be 
able to have 2 periods each of 2, 8, 18, and 32 elements, 
he postulated the existence of two elements, ‘‘coron- 
ium” and ‘“nebulium” (for which spectral lines were 
thought to exist), having positions between hydrogen 
and helium (previous reference, p. 12). 

As a result, his ‘‘ordinal numbers” did not agree with 
Moseley’s atomic numbers—Rydberg’s were all, except 
in the case of hydrogen, two units too large. In the 
article which is much cited as the supposed source of 
the so-called Rydberg series, Rydberg concludes: 
“In the complete coincidence of the order of Mr. Mose- 
ley’s numbers and of my ordinals of the elements, I see 
a very strong support of iny system, according to which 
there should be respectively 4, 16, 36, and 64 elements 
in the first four groups. But then we shall also get my 
ordinals instead of the numbers used by Mr. Moseley.” 
Who, then, originated the ‘‘Rydberg”’ series? 

We have thus seen that Rydberg deserves a good deal 
more credit than he is given, though he apparently does 
not deserve some that he is given. (Textbook authors, 
please note!). 

In view of the original reason for this communication, 
it should be added that Rydberg’s system was not ac- 
cepted because of the seeming evidence against a second 
rare-earth series in the seventh period (the eighth in 
Rydberg’s table) (Soppy, F., Ann Rpits., 13, 254 (1916)). 
It is of interest to note that Charles Janet, in 1928, 
published a periodic table incorporating Rydberg’s 
quadratic groupings with the van den Broek-Moseley 
atomic numbers (‘‘La Classification Hélicoidale des 
Eléments Chimiques,’’ Fascicle No. 4, Imprimerie Dé- 
partmentale de 1’Oise, Beauvais, France, Nov., 1928; 
Chem. News, 138, 372, 388 (1929)). Janet’s efforts 
have also gone unappreciated until quite recently. 


Reino W. HaKALa 


Syracuse UNIVERSITY 
Syracuse, New YorK 


To the Editor: 


Doctor Henry F. Holtzclaw, Jr.’s, article (February 
1952) on “Laboratory synthesis in general freshman 
chemistry” merits comment. The following values of 
synthesis in the laboratory, implicit in his paper, war- 
rant more explicit emphasis: 

(1) Successful use of principles of chemistry rather 
than merely instruction about them. 
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(2) Relief from the boredom of repetitious test tube 
quality tests in “goose-step” with the rest of the class, 
In synthesis there is something created in weighable 
amounts. 

(3) Synthesis in process often induces self-initiated 
procedures that challange the performer’s resourceful. 
ness. 

(4) Motivated library search with the expectation 
that the results of the search are to be shared by the 
next generation of students working upon inorganic 
preparations. 

(5) Such experiments permit both the student and 
the teacher to evaluate their success. Both the quality 
and quantity of the yield testify to the technique and 
other skills of the experimenter. 

The writer used a somewhat different plan in the use 
of inorganic preparations from that described by Dr, 
Holtzclaw. He restricted the assignment to members 
of his class who had attained an upper-quartile rank in 
the general chemistry class. Such a student was in- 
vited to substitute ‘‘preps’’ for certain of the routine 
“test tube experiments.” If that student accepted 
such an assignment he retired to the library and found 
and prepared two different patterns for the preparation 
he had chosen. He made an oral report of these two 
plans to his laboratory assistant and indicated one he 
had decided to try. In this report he was expected to 
defend his choice under the criticism of his assistant. 

The completed report on the experiment included: 


1. Presentation of a carefully weighed and packaged total of 
the preparation. 

2. <A written report including: (a) Quantities and character 
of the raw materials used; (b) listing and brief exposition of spe- 
cific reaction controls involved in the preparation; (c) reactions, 
1. €., equations, with computations of the theoretical yield and the 
percentage of it actually obtained; (d) self-criticism of techniques 
used and suggestions for improvement; and (e) at least one new 
reference upon a standard 3- X 5-in. library card for addition to 
the Freshman Inorganic Preparations Bibliography kept in the 
department library. 


The writer found that his students seemed to experi- 
ence quite as much of a lift in preparing such familiar 
substances as alums, bleaching powder, or sodium bi- 
carbonate as in attempting to prepare the newer, less 
well-known substances such as “aluminates,”’ ‘‘oxalato 
ferrates,”’ or complex ‘“‘cobalto”’ or “cobalti’’ compounds. 


B. CiirrorD HENDRICKS 


Lonaview, WASHINGTON 
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Film Reviews 


The origin and description of this project, the re- 
sults of which we hope to publish from time to time, 
are to be found on page 488 of the September, 1950, 
issue of THIS JOURNAL. For information on the 
availability and cost of the films the reader ts referred 
to the A. C. S. Bulletin 2, “Films on Chemical 
Subjects.” 


+ THE MOLECULAR THEORY OF MATTER 


Description: 16 mm., sound, 10 min. 
Producer: Encyclopedia Britannica 
Reviewers: (A) William K. Viertel, N. Y. State Agricultural and 
Technical Institute 
(B) Jelks Barksdale, Alabama Polytechnic Institute 
(C) R. T. Schenck, New York University 


Possible Utility: (A) “. .cannot fail to interest beginning 
students. It is, however, very elementary, and I could only 
recommend it for high school, and college freshman chemistry 
courses for those taking chemistry for the first time.’”’ (B) 
“should serve as a valuable aid in teaching general chemistry 
but it does not replace conventional teaching methods.”’ 

(A) “It is also suitable, I believe, for physics and combined 
science courses at the same (elementary) level.”’ 

Film Content (taken from (A), (B), and (C) ): This film covers 
the material given on the kinetic-molecular theory in most 
general chemistry textbooks and closely follows the presentation 
in Schlesinger’s ‘“General Chemistry.” It shows, with ordinary 
movie shots and with animated drawings, how matter is believed 
to be constituted, and how molecules behave in gaseous, liquid, 
and solid states. For example, it shows the diffusion of bromine 
vapor in air and in a vacuum, how evaporation and condensation 
occur, how a gas exerts pressure, etc. The small size and great 
numbers of molecules are emphasized. 

General Criticism and Rating: (A) “the film is a vivid por- 
trayal of the molecular concept, very well developed... .” 
(B) “The animated drawings are particularly effective and should 
be of value as aids in teaching. These show changes that are 
difficult to describe effectively with words and still drawings. 
The voice explanations of the film are complete and to the point. . . 
The film is well done.’’ (C) “The machine gun sequence is 
patently phoney.... No other criticisms; total effect quite 


good.” The California Section, A. C. S., reports: ‘“sound— 
poor... Fair to good. Good animation. Fundamental and 
interesting.” Rated “good” by McBride High School, St. Louis, 
Mo. 

a SULFUR 


Description: 16 mm., sound-color, 16 min. 
Producer: U. S. Bureau of Mines in cooperation with Texas Gulf 
Sulfur Co. 
Reviewers: (A) W. G. Kessel, Indiana State Teachers College 
(B) Therald Moeller, University of Illinois 


Possible Utility: (A) “I think it could be used at any level from 
general science students in junior high school through college and 
adults that want to know about this element.’’ (B) ‘This pres- 
entation is best suited to general chemistry courses either at 
the high-school or freshman college level. It has no especial 
merit for advanced courses, but it would be useful in general sur- 
vey courses.”’ 


Film Content: (A) ‘This excellent film begins with a consid- 
eration of the general importance of the element sulfur. Dis- 
cusses to some extent the nature of elemental sulfur deposits, 
gives diagrams of the geological formations and also animations 
that show the Frasch process in detail. Considerable emphasis 
is given to amounts produced and the exports of the element. A 
rather comprehensive survey given in terms of tons used in the 
various industries. Also a summary of sulfur in sulfuric acid 
production and its importance to industry.”” (B) “The film de- 
scribes the mining of sulfur by the Frasch process and the han- 
dling of the mined sulfur in considerable detail. Thisisdone by 
a combination of photography of actual operations and anima- 
tions. Given in less detail and partly through animation is a 
summary of the distribution of sulfur to the various industries.” 

General Criticism and Rating: (A) ‘‘In my opinion it is a very 
satisfactory film; the information given is up to date and per- 
tinent.”’ (B) “The film is generally accurate and is to be recom- 
mended. The portions on the mining and handling of sulfur 
are particularly good. Interest is enhanced by the excellence 
of the color photography. The narration is clear, to the point, 
and accurate.” Rated “excellent” by McBride High School, 
St. Louis, Mo. 

Suggestions for lmprovement: (A) ‘The only thing I felt that 
was needed was some recognition of other sulfur sources as in 
copper and zinc smelting or recovery of hydrogen sulfide, or 
burning pyrite. This is becoming more important daily.’ (B) 
“Little, if any, improvement could be effected in the film as a 
general survey. Of course, it does not cover the chemistry of 
sulfur compounds, but it makes no claim of doing so. I would 
recommend it as it stands.” 


* YELLOW MAGIC 


Description: 16 mm., sound-color, 33 min. 

Producer: Freeport Sulfur Co. 

Reviewers: (A) S. Young Tyree, Jr., University of North Caro- 
lin 


a 
(B) Frederic B. Dutton, Michigan State College 


Possible Utility: (A) “...1 would consider the film suitable 
for use in almost any type of chemical course that has to do with 
compounds involving sulfur. Through this film, an apprecia- 
tion of how and where we obtain sulfur may be passed on to the 
student.”’ (B) “A good film about one-half of which is directly 
useful for chemical education.” 

The reviewers agree that the film is enjoyable; it would prob- 
ably therefore be of general interest. 

Film Content: (B) ‘“‘Opens in narrative form as retiring em- 
ployee relates early history of sulfur mining. History and back- 
ground about 11 minutes. Excellent description of Frasch 
Process, rock formations... Auxiliary installations about 14 
minutes. Uses and applications about 8 minutes.”’ (A) “The 
film opens showing a testimonial dinner to one Tom Clark who 
is evidently retiring from long, active service with the Freeport 
Sulfur Company. At the insistence of the toastmaster, Tom 
makes a speech and as he talks, the camera follows his story of 
the development of modern sulfur mining technology. A short 
while is devoted to describing the early discovery of sulfur in 
Louisiana and Texas, as well as the early troubles of getting at 
this sulfur. This very easily works into a scene where Herman 
Frasch talks glibly enough to get the capital necessary to make 
his first drilling operation. The need of this country for sulfur 
is explained briefly and dependence of the country on. . . Sicilian 
sulfur or foreign pyrites is described. . .then the film describes by 
means of animated cartoons how the sulfur occurs in the ground. 
These cartoons are very excellent and show the salt formations, 
the sulfur and anhydrite in the typical dome-shaped caprock 
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formations. The cartoons...show the trouble encountered in 
the drilling operation due to the mud and the quicksand that 
usually cover these formations in the southern part of the country. 
The essential details of the concentric pipes are quite complete 
and illustrated to better effect than I have ever seen. The use of 
superheated water, the careful control of temperature neces- 
sitated by the relatively narrow range that can be used because 
of the high melting point, and positive temperature coefficient of 
viscosity of molten sulfur, are all brought out. 

“About the last half of the film describes the auxiliary equip- 
ment and installations that go with the actual drilling rig it- 
self. For example, the problems of procuring large supplies of 
fresh water, softening this water to prevent boiler scale when it 
is heated, the tremendous lengths of piping that must be insulated 
to send this water to the mines, the return lines for liquid sulfur, 
the pumping stations, the power plants, the machine shops, the 
compressed air, all of these items are shown built up on the swam- 
py locations adjacent to the drilling well itself... . 

“The liquid sulfur is shown arriving at relay stations and being 
forwarded to handling points where the sulfur is sprayed out 
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into vats and allowed to solidify. The subsequent mountains of 
solid sulfur are dynamited loose and loaded with tremendous 
derricks onto conveyor belts, barges, and trains for transportg. 
tion to point of use. 

“The difficulties involved in prospecting for sulfur are vividly 
shown when the camera follows a prospecting crew through the 

marshland. . 

“Finally, the importance of sulfur to the world is covered by 
listing roughly i in order of importance the uses to which sulfur js 
put.. 

General Criticism and Rating: (A) “...one laboratory shot 
shows a man titrating a solution, and the speaker explains that 
this operation is called “titrating.” This small incident, I feel, 
is the cue that should tell us the level at which the film is pitched. 
Some hint of the level of the film may be obtained by noting 
that sulfuric acid as a word or formula appears nowhere in the 
film. For example, the statement is made that sulfur is of great 
importance to agriculture as a fertilizer, dustings, and sprays with 
no suggestion of the chemical compounds involved.” (B) “Good 
use of animated drawings.” 


CHEMICAL ENGINEERING TECHNIQUES 


B. E. Lauer and R. F. Heckman, Professor and Assistant Pro- 
fessor of Chemical Engineering at the University of Colorado. 
Reinhold Publishing Corp., New York, 1952. v + 496 pp. 100 
figs. 15.5 KX 23.5cm. $6. 


A CHEMICAL engineering text without a chemical or mathe- 
matical equation? Impossible! No, not at all. Lauer and 
Heckman have produced such a book, free from chemical equa- 
tions and calculations. Nevertheless it deals with the chemical 
industry from a new viewpoint—that of Unit Tasks. 

The unit concept did much for chemical engineering education, 
unit operations became the core of the curriculum. This was 
followed by a study of the unit chemical processes. Important 
texts exist in both fields. Lauer and Heckman introduce a new 
approach, the ‘‘unit tasks.’’ These are the units in the series of 
steps from the beginning to the end of the processing. The six 
main divisions of the job are (I) Assembly of Materials, (II) 
Preparation of Materials for Reaction, (III) Production and Dis- 
tribution of Energy, (IV) Conditions Effecting the Chemical 
Reaction, (V) Separation and Purification of Materials, and (VI) 
Further Treatment of Products for Sale, Shipment, Storage, or 
Other Use. 

This grouping is novel, and its further breakdown into indi- 
vidual chapters is of interest: I, (1) Interplant Transportation, 
(2) Intraplant Transportation, (3) Storage of Materials; II, (4) 
Size Reduction, (5) Size Classification; III, (6) Energy Sources, 
(7) The Conversion of Energy, (8) The Storage, Distribution, and 
Conservation of Energy, (9) Removal of Heat From a Material; 
IV, (10) Measuring and Proportioning of Materials, (11) The 
Measurement and Control of Pressure and Temperature, (12) 
Mixing of Materials, (13) Reaction Vessels; V, (14) Separation 
of a Solid from a Solid, (15) Separation of a Liquid From a Solid, 


(16) Separation of a Gas from a Solid, (17) Separation of a Solid 
from a Liquid, (18) Separation of a Liquid from a Liquid, (19) 
Separation of a Gas from a Liquid, (20) Separation of a Solid 
from a Gas, (21) Separation of a Liquid from a Gas, (22) Separa- 
tion of a Gas from a Gas; VI, (23) Preparation of Materials for 
Marketing, (24) Measurement of Physical and Chemical Quali- 
ties, (25) Packaging. The index is detailed. 

After the unit tasks and subtasks have been determined for the 
given job, the final step is to select the particular technique which 
will accomplish best the required task. If the task is the separa- 
ation of a liquid from a liquid (Chapter 14) it is apparent that a 
number of techniques are available and its selection is based on a 
number of factors. The pertinent factors are outlined at the 
beginning of each chapter. With liquids, it is of immediate im- 
portance whether the liquids are insoluble or soluble in one an- 
other. If insoluble in one another, the liquids can be separated 
by gravity, centrifuging or gas flotation; slime removal and 
treatment of emulsions are discussed. If the liquids are in solu- 
tion, a larger number of techniques is available: evaporation, 
distillation, solvent extraction, salting out, freezing, adsorption, 
ion exchange, chromatography, and chemical reaction. Each 
technique is discussed with as much detail as its importance 
warrants; distillation is discussed as batch, continuous, vacuum, 
motecular, pressure, azeotropic and extractive. The application 
and advantage of each technique is pointed out; equipment is 
diseussed briefly and frequently illustrated. 


During the preparation of the book the authors collected about 
1250 illustrations of equipment for techniques. Of these, only 
100 appear in the book. The illustrations have been classified 
by chapters and made into film strips which can be used by the 
instructor. Slides as well as film strips can be obtained. This 


is an enormous aid to the instructor as well as to the students. 
As a text, where will this book fit into the chemical engineering 


NOV! 


curric 
will se 
man 

somet 
indus 
pharr 
for 
avails 
able i 


UNI 


4 


Depa 
1951. 
ing a 
the fr 
| ‘g and I 
fuller 
date. 
amou 
Pre 
Min 
meth 
fami) 
volur 
techr 
i 
sayy 
2 
: 
: 
: 
: 


ATION 


tains of 
nendous 
usporta- 


Vividly 
ugh the 


ered by 
sulfur is 


ry shot 
ins that 
» I feel, 
tched.. 


a Solid 
d, (19) 
a Solid 
Separa- 
ials for 
Quali- 


for the 
» which 
separa- 
that a 
od ona 
at the 
ate im- 
ne an- 
arated 
al and 
n solu- 
ration, 
rption, 

Each 
rtance 
.cuum, 
ication 
nent is 


| about 
>, only 
issified 
by the 
This 
nts. 
leering 


‘phasized by the authors in the preface to the new Aition. 


NOVEMBER, 1952 


curriculum? That remains to be worked out. Undoubtedly it 
will serve as an introduction to chemical engineering at the fresh- 
man or sophomore level. The material is descriptive and is 
something that the chemical engineer (and chemist destined for 
industry) must know. Service courses for students in chemistry. 
pharmacy, business administration could well use this as a text 
for a descriptive course illustrating the techniques and equipment 
available to the chemical industry. This book should be avail- 
able in all libraries. 


KENNETH A. KOBE 
UNIVERSITY OF TEXAS 
Austin, TEXAS 


e ADSORPTION 


C. L. Mantell, Consulting Engineer, New York; Chairman, 
Department of Chemical Engineering, Newark College of Engi- 
neering. Second edition. McGraw-Hill Book Co., Inc., New York, 
1951. viii + 634 pp. 273 figs. 135 tables. 16 X 23.5 cm. 
$9. 


THE present text is a well revised and much enlarged second 
edition of this widely known work on the industrial and engineer- 
ing aspects of adsorption. New chapters cover such subjects as 
the fractionation of liquid hydrocarbons, also of gases—hypersorp- 
tion; dehydration of liquids; refining of waxes, as well as sugar 
and related substances; fractionation of ions; and water treat- 
ment. There is also considerable new material pertaining to 
fullers’ earth, clays, aluminum oxide base materials, various 
chars, decolorizing carbons, manufacture of ion exchangers, 
magnesia and hydrous oxides, solvent recovery, gas hydrates, and 
the dehydration of air and gases. The chapter on specifications 
and the testing of adsorbents has been revised and brought up to 
date. 

Although the theoretical treatment of adsorption remains es- 
sentially unchanged, the second edition presents a considerable 
amount of added data pertaining to adsorbents and their uses 
which will be of value to plant designers and operators. 


W. W. RUSSELL 
Brown UNIVERSITY 
ProvipENcE, RHope IsLanp 


POLAROGRAPHY. VOLUME I 


1. M. Kolthoff, Professor of Analytical Chemistry, University of 
Minnesota, and James J. Lingane, Professor of Chemistry, Har- 
vard University. Second edition. Interscience Publishers, Inc., 
1952. xvii + 420 pp. 147 figs. 27 tables. 15.5 X 23.5 cm. 
$9. 


To THOSE who have had occasion to use the polarographic 
method, the book ‘‘Polarography”’ by Kolthoff and Lingane is as 
familiar as a bottle of mercury. To these investigators the first 
volume of the new edition will need no introduction other than to 
say that it contains a thorough discussion of the principles and 
techniques of the field from the time of its discovery by Heyrov- 
sk¥ in 1920 through the developments of 1950. 

The need for a revision of the 12-year-old first edition is em- 
They 
say’ “In the dozen years since the first edition of this book ap- 
peared, the polarographic literature has tripled in size and the 
current rate of growth exceeds 200 journal articles per year.”’ 
Judging by Volume I of the second edition that need has been 
well filled. 

The new edition is in two volumes. Volume I discusses: 
Theoretical Principles, and Instrumentation and Technique. 
Many of the 19 chapter headings will be familiar to the users of the 
first edition. There are, however, four new chapters covering: 


Polarography in Nonaqueous Media, Unusual Diffusion Current 
Phenomena, Waves Dependent on Reaction Rates, Catalytic 
Waves, and Common Operations in Polarographic Analysis. All 


of the older chapters have been thoroughly revised and aug- 
mented and several have been completely rewritten. 

Discussion of the analysis of specific elements and compounds, 
both inorganic and organic, together with sections on biological 
applications and amperometric titrations have been reserved for 
Volume II. The division of material between the two volumes 
is a logical one, the development being from a treatment of polar- 
ography per se in Volume I to the detailed discussion of individual 
analyses in Volume II. 

Both the neophyte and the experienced polarographer will 
find the discussion of the Modified Equation for the Dropping 
Electrode Diffusion Current and the much augmented chapter on 
Factors That Govern The Diffusion Current useful in theoretical 
studies as well as in the practical application of the method. 
Chapter XVIII, Common Operations In Polarographic Analysis, 
can be recommended as a useful guide to those who are about to 
run their first polarogram. 


DAYTON E. CARRITT 
Jouns Hopkins UNIVERSITY 
BALTIMORE, MARYLAND 


* THE MEASUREMENT OF RADIOISOTOPES 


Denis Taylor, Head of Electronics Division, Atomic Energy 
Establishment, Harwell. John Wiley & Sons, Inc., New York, 
1951. 40 figs. viii + 118 pp. 11 X 17cm. $1.50. 


Tuts book is one of Methuen’s Monographs on Physical Sub- 
jects. Under a preface date of September, 1950, the author 
cites in his introduction (Chapter I), the widespread use of 
radioisotopes in industrial and medical research, and the necessity 
for understanding the principles of radioisotope measurements 
and for knowing how to use the various types of measuring in- 
struments. This book is an attempt to present such background 
information. 

Fundamental decay equations and activity units are discussed 
in Chapter II. Chapter III contains a brief summary of radio- 
active radiations and accompanying nuclear transformations, as 
well as detection methods. Measurements with ionization cham- 
bers are considered in some detail. Chapter IV is devoted entirely 
to the components of Geiger-Miiller counting systems. Statistical 
considerations are presented in Chapter V while the significance 
of source geometry and self-absorption in radioactivity measure- 
ments is discussed in Chapter VI. Coincidence corrections, and 
the treatment of radiometric assay data, are illustrated in Chap- 
ter VII. Chapter VIII describes the operation of scintillation 
and proportional counters. The book is concluded with a 12- 
page survey of health hazards and radiation monitoring proce- 
dures. 

The author’s objectives are broad, but he has succeeded in 
surveying in a compact manner the various factors and measuring 
devices which contribute to a successful radioactive tracer assay. 
The text is illustrated with many helpful drawings and block dia- 
grams of equipment, as well as with tables and charts of useful 
data. Many basic correction equations, useful in radiometric 
assay procedures, are derived, and sample calculations involved 
in such procedures are performed. 

The book is written, for the most part, in clear and succinct 
style, although the American reader may have to ponder a mo- 
ment the meaning of such terms as ‘‘EHT Power Unit,’’ “head 
amplifier,” ‘‘time-controlled operations,’’ etc. Similarly, the 
British tolerance dose of 0.5-roentgen per week of X- or gamma- 
rays is higher than the 0.3-roentgen limit which applies in this 
country. The compactness of the book is achieved, however, by 
the omission of pertinent explanatory matter; and a knowledge 
of the properties of radioactive substances and their radiation, 
including ionization and absorption phenomena, is presupposed 
for the reader. Tables are presented without explanatory head- 
ings, and certain equipment diagrams (Figures 3.9 and 4.6) 
shown without adequate descriptions. Very few literature ref- 
erences are given. 

Although the typography of the book is good, errors of context 
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have been noted. Thus the standard deviation calculations 
based on the data in Table 5.1 are in error, and the self-absorp- 
tion curve for C™ drawn in Figure 6.10 is incorrect. Inconsist- 
encies in notation and terminology were noted in places, as d 
and p for density (pages 70 and 74), and the interchangeable 
use of “‘standard deviation’’ (page 51), ‘‘mean deviation,’’ (page 
53) and “‘statistical accuracy,’’ (page 69). Such errors bespeak a 
certain hastiness in the preparation of the original manuscript. 
Despite these and other inconsistencies which, it is hoped, will 
be corrected in future editions, the book serves the useful pur- 
pose of compiling in a single, small volume many of the practical 
aspects of radioisotope tracer assay. Although emphasis is 
placed on beta-ray measurements and on absolute evaluations of 
radioactivity, the investigator contemplating a radioactive tracer 
program for the first time will find this book helpful in planning 
his measurements. 


CHARLES ROSENBLUM 
PRINCETON, NEW JERSEY 


THE ENZYMES 


J. B. Sumner, Laboratory of Enzyme Chemistry, Cornell Univer- 
sity, Ithaca, New York, and Karl Myrbdck, Institute for Organic 
Chemistry and Biochemistry, University of Stockholm, Sweden. 
Academic Press Inc., 125 East 23rd St., New York. Volume I, 
Part1,1950. xvii + 724 pp. 16.5 X 23.5cm. $13.50. Volume 
I, Part 2, 1951. x 4+ 725-1361 pp. 16.5 K 23.5 cm. $12.80. 
Volume II, Part1,1951. xi+ 790pp. 16.5 x 23.5cm. $14.80. 
Volume II, Part II, 1952. xi + 791-1440 pp. 16.5 X 23.5 cm. 
$14. 


Tuis treatise is the result of an impressive effort on the part of 
the editors, J. B.Sumner and K. Myrbiick, who, with 76 collabora- 
tors, many of them eminent in their respective fields, have at- 
tempted to survey the whole of enzymology. The treatise is 
composed of 78 chapters, with author and subject indexes at the 
end of each volume, and is organized along traditional lines, 7.e., a 
series of introductory chapters followed by a chapterwise treat- 
ment of all of the enzyme systems that are generally recognized 
as entities. 

The first chapter is devoted to a rather informal account of the 
development of enzymology, its domain and terminology, and a 
discussion, which is largely historica! in character, of the concept 
of the intermediate complex and its consequences. In the latter 
instance the discussion is neither rigorous nor general. That 
enzymes are primarily proteins hardly justifies the inclusion in 
this treatise of a chapter which essays to cover both the physical 
chemistry and chemical kinetics of enzymes, particularly when it 
is done at the expense of a rigorous and genera! treatment of the 
most characteristic property of enzymes, viz., their catalytic 
activity. It is the reviewer’s opinion that, since the physical 
chemistry of proteins has been adequately covered in several ex- 
cellent and modern monographs, it would have been wise to dis- 
pense with the discussion of the physical chemistry of proteins in 
Chapter two and to devote all of the space alloted to this chapter 
to the subject of general enzyme kinetics, for a really satisfactory 
treatment of this topic has not been given in any review written in 
the last 20 years. 

The topic of enzyme specificity is treated in the classical man- 
ner in Chapter three, and while the account is an interesting and 
readable one it fails to recognize one of the most common errors of 
enzyme chemistry, 7. e., the drawing of conclusions in respect to 
the effect of structure on the combination process from isolated 
experiments in which the only thing measured is the rate of ap- 
pearance of a reaction product or the rate of disappearance of the 
substrate. Chapters four, five, six, and eight are concerned with 
the biological aspects of enzyme reactions rather than with the 
properties of enzymes per se. While these areas are certainly 
fertile and important ones they are in a sense applied enzyme 
chemistry, at least in their present stage of development, and 
consequently are of greater interest to the biologist than to the 
chemist. The inhibition of enzyme-catalyzed reactions is treated 
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in Chapter seven and the account is primarily descriptive jp 
character. The treatment given to the kinetics of enzyme jn. 
hibition is not extensive and is at the level found in most of the 
earlier monographs on enzymology. 

The remainder of the treatise, 7. e., Chapters nine through 
78, is devoted, for the most part, to a description of the behavior 
and properties of particular enzyme systems. Since many of 
these chapters are of limited interest to the general reader atten. 
tion will be called to only those chapters in which the treatment is 
such as to interest the reader who wishes to know more about the 
general features of enzyme-catalyzed reactions than is given in the 
so-called introductory or general chapters. 

Chapter 16 is devoted to a discussion of the properties of . 
glucosidase, and aside from any special interest in this enzyme 
system the chapter is noteworthy because it provides an interest- 
ing example of the kind of information that may be obtained 
through the use of quantitative procedures. Chapter 25 contains 
an informative analysis of the dependency of the Michaelis con- 
stant upon pH in the arginine-arginase system and Chapter 31, 
a very reasonable treatment of the synthesis of saccharides 
through phosphorolysis, a reaction of considerable general in- 
terest. The other three chapters of Volume I that contribute 
to a general understanding of enzymatic processes are, Chapter 
39, which contains a sound chemical approach to an enzymatic 
problem, in this case the characteristics of enolase; Chapter 40, 
an informative treatment of the fumarase and aconitase systems, 
and Chapter 43, which provides an excellent example of one of 
the better analyses of an enzyme system, in this instance, carbonic 
anhydrase. 

Chapter 44, by L. Michaelis, is not only of value for its discus- 
sion of the theory of oxidation and reduction, but also because it 
contains some of the last thoughts of a man whose contributions 
to enzyme chemistry were outstanding. Chapters 45 through 
48 are devoted to various aspects of the transphosphorylation 
process, and all of these chapters, and particularly the latter, are 
worthy of the attention of the reader who is not interested in any 
particular enzyme system but is interested in the general aspects of 
enzyme chemistry. The same is also true of the material covered 
in chapters 52 through 56, for in these chapters the authors have 
been able to draw upon the tremendous amount of work that has 
been done with the codehydrogenases, succinic dehydrogenase, 
the flavin containing enzymes, the cytochromes, and the so- 
called hydroperoxidases. Chapter 56 is of particular interest, 
aside from its consideration of the mechanism of action of the 
hydroperoxidases, for it contains an excellent account of the 
evidence and arguments that provide support for the postulation 
of an intermediate enzyme-substrate complex. Chapter 61, 
which is devoted to a discussion of the role of enzymes in lumi- 
nescence, is of interest because of its consideration of the effect of 
extrinsic factors such as temperature, pressure, and pH upon such 
systems. An excellent account of the integration of a multitude 
of enzyme systems is found in the essay on anaerobic glycolysis, 
respiration and the Pasteur effect, given in Chapter 63, and in the 
account of urea synthesis, provided by Chapter 67. The treat- 
ment of enzymatic mechanisms in carbon dioxide fixation, given 
in Chapter 72, is an excellent exposition of a fascinating phase of 
enzyme chemistry which will give the general reader a good idea 
of the power and scope of the methods which are currently being 
used in enzymology. 

In the preceding paragraphs the reviewer has attempted to 
point out tho8e sections of the treatise which would be of interest 
to the reader whose goal is to gain an understanding of the pres- 
ent status of enzyme chemistry. It is obvious that investigators 
who are actively engaged in some phase of enzymology will find 
the treatise of considerable value, not only for bibliographic pur- 
poses, but also for an appreciation of the “state of the art’’ in the 
various branches of enzymology. The experienced investigator 
will be annoyed at the lack of precision of many statements, the 
widespread use of inadequate treatments, the grand speculations 
based upon enormous extrapolations, and, more seriously, the 
incomplete reporting by investigators of the exact character of 
their experimental systems. However, he will realize that this 
is not entirely the fault of the authors of this book. The fact is, 
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that enzymology is still in a primitive stage and its history a- 
pounds in generalities most of which are probably incorrect. 
The cautious reader, who is well versed in the principles of chemis- 
try, will derive much benefit from this treatise for he will reject 
that which is not reconcilable with these principles and learn 
from that which is. 


CARL NIEMANN 
CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 


e BIOCHEMISTRY AND HUMAN METABOLISM 


Burnham S. Walker, Professor of Biochemistry, William C. 
Boyd, Professor of Immunochemistry, and Isaac Asimov, 
Assistant Professor of Biochemistry, all of Boston University 
School of Medicine. Foreword by John T. Edsall, Professor of 
Biological Chemistry, Harvard. The Williams & Wilkins Co., 
Baltimore, 1952. viii + 812 pp. 21 figs. 48 tables. 15.5 xX 
23.5 cm. $9. 


Tuis is a text book designed for the use of medical students. 
It includes a unique selection of material with emphasis on sub- 
jects usually studied after a preceding course in biochemistry. 
Extensive treatment is given to cancer (an entire chapter), to 
chemical aspects of reproduction and heredity, to pathology and 
to the chemistry of infection. Even the description of vitamins 
is included along with deficiency diseases as an aspect of pathol- 
ogy. 

With so much space given to the chemistry of disease, the 
fundamentals of biochemistry are treated briefly. Carbohy- 
drates are presented in 16 pages included in the chapter or Tissue 
Chemistry. Similarly, lipids are allotted 10 pages and the sterids 
with steroids 8 pages in the same chapter. 

The first chapter is on proteins and amino acids and is followed 
by one on theories of protein structure. The latter has of neces- 
sity to be speculative, although what definite information is 
available is admirably summarized. 

An entire section of nine chapters (278 pages) is given over to 
metabolism including the chemistry of food and digestion and 
humerous aspects of abnormal metabolism. 

The chapter on enzymes is unique and timely. The one on 
chemistry of hormones is highly to be recommended and has a 
useful bibliography. 

The book has four appendixes: I. Colloids and colloidal phe- 
nomena (7 pages), II. Isotopes (17 pages), III. Principles of ther- 
modynamics (7 pages) and IV. Acids and bases (5 pages). 

The medical student who has already had a foundation course 
in the essentials of biochemistry should find this book helpful. 


PHILIP H. MITCHELL 
Brown UNIVERSITY 
ProvipENce, 


* ACIDS AND BASES: THEIR QUANTITATIVE 
BEHAVIOUR 


R. P. Bell, Fellow of Balliol College, Oxford, and University 
Demonstrator in Physical Chemistry. John Wiley & Sons, Inc., 
New York, 1952. vi+90pp. 6figs. 12tables. 11 X 17cm. 
$1.50. 


One of Methuen’s Monographs on Chemical Subjects, this 
small book is described as a brief and unified account of some of 
the applications of the subject of acids and bases to a wide variety 
of chemical problems. 

Chapter I on the nature of acids and bases gives the history of 
the terms, the experimental bases of the Arrhenius concepts and 
the Brgnsted-Lowry formulation. 

Chapter II discusses in more detail the equilibria in water, the 
nature of buffers and titration curves. 

Chapter III covers the field of non-aqueous solvents, which has 
received so much attention lately from practicing analysts. 

Chapter IV gives a highly simplified treatment of inter-ionic 
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attraction theory as applied to these topics and makes some 
mention of the Hammett acidity function. y 

Chapter V is on acid strength and molecular structure and 
Chapter VI on acid-base catalysis. 

In the last chapter (VII) the Lewis definitions are introduced 
and critically discussed. 

A principal conclusion of the book is that the Brénsted-Lowry 
formulation has been overwhelmingly more useful in systematiz- 
ing the quantitative aspects of acid-base behavior, and that it is 
more convenient at present to use the donor-acceptor terminology 
in referring to Lewis acids. 

As a whole this is an extremely well balanced, judicious sum- 
mary of the relevant material. It is perhaps too brief to serve as 
a complete introduction to the field, but will furnish the specialists 
with an excellent reminder of the underlying general relation- 
ships. 


NORRIS F. HALL 
UNIVERSITY OF WISCONSIN 
Map1son, WIscoNnsIn 


RUSSIA'S LOMONOSOV 


Boris N. Menshutkin. Translated from the Russian by Jeannete 
Eyre Thal and Edward J. Webster, under the direction of W. 
Chapin Huntington. Princeton University Press, 1952. viii + 
208 pp. ll figs. 5 plates. 145 XK 22cm. $4. 


Borts Menshutkin was one of the last of the old school of 
Russian historians of science. Most of his work was done before 
the cult of glorification of everything done by the Russians had 
become dominant in the Soviet Union. As a result, his works 
ean be read without the constant necessity for discounting many 
statements which is found in the more recent historical material 
from the U.S. 8S. R. 

Menshutkin is, in a sense, the discoverer of Lomonosov as a 
scientist. Beginning in 1904 he made it his life work to edit 
and publish the writings of Lomonosov which had been buried 
in the archives of the St. Petersburg Academy of Sciences. Fi- 
nally, in 1937, he summed up his work in this definitive biography, 
here translated by the Russian Translation Project of the Ameri- 
can Council of Learned Societies. 

Lomonosov was one of the world’s universal geniuses. His 
fame as a poet, historian, and philologist survived in Russia, but 
even in his native land most of his scientific works were lost for 
one hundred and fifty years. This was in part because many 
of his ideas were too far ahead of his time to be accepted, and 
in part because most of his scientific papers remained unpublished 
at his death. In this biography, based on these papers, a full 
picture of the man is now revealed. 

Lomonosov was one of the first to appreciate fully the signifi- 
cance of the atomic theory which had existed in one form or an- 
other from the days of the Greeks. Most of his predecessors 
and contemporaries who had espoused this theory had thought of 
it in philosophical terms. Lomonosov saw the atoms as concrete 
objects, and founded his whole system of physics and chemistry 
upon them. Asa result, he was able to express the kinetic theory 
in nearly modern form. He was not led into the errors induced 
by the idea of “imponderable fluids” (heat, light, electricity, and 
so on), which dominated the minds of many of his contemporaries. 
Even Lavoisier still considered caloric a material substance, but 
Lomonosov had no such misconception. If his ideas had been 
more widely known and accepted the phlogiston theory would 
probably never have occupied the influential position it did. 

Besides his theoretical work, Lomonosov undertook the prac- 
tical task of operating a glass factory, chiefly to aid his efforts 
to establish a mosaic industry in Russia. The factory was not 
a financial success, and no one carried on his ambitious program 
of designing mosaic pictures; so this enterprise, too, might be 
considered a failure. 

In fact, considered from the viewpoint of his apparent influence 
on subsequent history, Lomonosov’s life cannot be accounted a 
success, Yet he was well known to his contemporaries, and it is 


highly probable that an investigation of his influence in western 
Europe would réveal that his ideas were more effective than they 
seem at first glance. 

This book may be read solely as the biography of one of the 
world’s great scientists, for the picture it gives of life in eighteenth 
century Russian intellectual circles, or for the light which it casts 
on the conduct of science in Russia even today. In any case, 
the experience will be rewarding. 


HENRY M. LEICESTER 
CoLLEGE OF PHYSICIANS AND SURGEONS 
San Francisco, CALIFORNIA 


AN INTRODUCTION TO THE CHEMISTRY OF THE 
SILICONES 


Eugene G. Rochow, Associate Professor of Chemistry, Harvard. 
Second edition. John Wiley & Sons, Inc., New York, 1951. xiv + 
213 pp. Illustrated. 15 X 23cm. $5. 


THE approach to his subject as well as the general excellence 
of the first edition have been admirably maintained by Professor 
Rochow in the present book. It comprises a critical survey of 
the field which is at the same time comprehensive and general 
enough to completely satisfy the non-specialist and near-special- 
ist. New chapters have been added and are entitled: The 
Carbon-Silicon Bond, Synthesis of Organosilicon Compounds, 
and The Physical Chemistry of Silicones. Further, the tables of 
compounds and references are now more readily available in a 
separate chapter. 

While this reviewer is not in agreement with several of the 
conclusions and hypotheses presented in the chapter on the 
Carbon-Silicon bond, the author’s remarks at the end of this 
chapter very properly leave the reader with the impression that 
theory in this area is still in a rather early stage of development. 
In summary, it can be said that within limits of his own choos- 
ing the author has achieved a remarkably lucid account of an in- 
teresting and rapid): growing field of chemistry. The book does 
not profess to be and is not a comprehensive treatise on the sub- 
ject. Such a work is still unwritten. 


L. H. SOMMER 
PENNSYLVANIA STATE COLLEGE 
Srate CoLLeGe, PENNSYLVANIA 


€ PRINCIPLES OF GEOCHEMISTRY 


Brian Mason, Department of Geology, Indiana University. 
John Wiley & Sons, Inc., New York, 1952. vii + 276 pp. 14.5 
X 22.5 cm. $5. 


A TEXTBOOK in geochemistry has long been awaited by workers 
in earth sciences. The present book attempts to frame earth 
evolution against a background of chemical theories along with 
information from the other natural sciences. The author surveys 
the geochemical domain, following the principles of V. M. Gold- 
schmidt, with chapters on the history and definition of geochemis- 
try; elementary cosmological theory; the structure and composi- 
tion of the earth; a review of thermodynamics and crystal chemis- 
try; igneous rocks; sedimentation processes; the hydrosphere; 
the atmosphere; the biosphere; metamorphism; and the geo- 
chemical cycle. 

Although most of the topics are covered adequately for an 
initial exploration of this field, the reviewer feels that a more 
generalized and a more basic presentation of the nuclear and atomic 
properties of matter are necessary. Isotopic fractionation in 
nature has already provided a wealth of information on paleo- 
chemical investigations, especially in the cases of oxygen and 
sulfur. The role of naturally occurring radioactive elements in 
geo-chronology is dealt with very lightly. To realize the full 
implications of such phenomena the characteristics of nuclear 
species must be elucidated. 

Further, the concept of the ionic potential is certainly less use- 
ful than a generalization of chemical properties based upon elec- 


JOURNAL OF CHEMICAL EDUCATION Me 


tronic structures of the elements in interpreting the disposition 
of matter in both time and space. It is extremely difficult to 
explain the geochemical paths of manganous and calcium ions, 
both with similar ionic potentials, without such a study. 

The book is relative free of errors, although the use of salinities 
in describing the ionic composition of river waters seems improper, 
An up-to-date bibliography suitable for further elaboration of 
the topics is appended to each chapter. 


EDWARD D. GOLDBERG 
Scripps INsriruTion oF OCEANOGRAPHY 
La CALIFORNIA 


* EINLEITUNG IN DAS STUDIUM DER CHEMIE 


Ira Remsen. Translated into German by H. Reihlen. 15th 
edition. Theodor Steinkopff, Dresden, 1950. xvi + 345 pp. 
60 figs. Stables. 15.5 X 23.5cm. DM 10. 


Tue ghost of dear old Dr. Remsen will smile benignly on this, 
the 15th German edition of his ‘Introduction to General Chemis- 
try,’’ for he will find it not different in spirit from his first (1884) 
edition. Dr. Reihlen, who unfortunately suffered a heart attack 
shortly before its publication, will be there with Remsen, in a 
niche well earned by this work of labor and love: for few indeed 
are the textbooks which so withstand the ravages of time. 

It is sound, classical general chemistry, brought essentially 
up to date. As such, it may be useful to the graduate student 
for practice-reading in scientific German; for the type is clear, 
the topics clearly arranged and captioned, and the vocabulary 
simple. But teachers of chemistry in the United States will 
find scarcely any new approaches, little to fire the student’s 
imagination, and few drawings. Today’s front-page science is 
slighted: there is little industrial or cultural chemistry and only 
thirteen pages of organic chemistry. By way of illustrating its 
omissions TiO, is barely mentioned, although today four times 
as many tons of it are consumed in the paint industry as white 
lead, which is fully treated. German contributors are favored: 
“genial’’ Kekulé, (page 330) and “genial’’ Robert Mayer, (page 3); 
Clusius (page 244) is the only one mentioned under isotopes, and 
Hahn and Strassman are the only scientists mentioned in three 
pages of the atom-bomb story. Requiescat in pace. 


HUBERT N. ALYEA 
PRINCETON UNIVERSITY 
Princeton, New JERSEY 


* THE MERCK INDEX OF CHEMICALS AND DRUGS 


Sixth edition. Merck & Co., Inc., Rahway, N. J., 1952. xiv + 
1167 pp. 15.5 X 24cm. Thumb-index copy, $8.; regular copy, 
$7.50. 


THE sixth edition will increase the value to chemists of this 
well-known book. It is only ten per cent larger than the pre- 
vious edition, but it differs in several important respects. The 
main section, on chemicals and drugs, has been expanded to more 
than 1000 pages—nearly double the size in the fifth edition. The 
section on clinico-chemical tests and reagents has been eliminated 
and substituted in this edition by a shorter section on Organic 
“Name” Reactions. This section (70 pages) can be exceedingly 
valuable to a chemist for it describes briefly, with literature ref- 
erences, more than 300 organic reactions which are known by 
their authors’ names. Who has not been embarrassed by his 
inability to identify and recall some obscure organic “name” 
reaction? 

A new section on radioisotopes and their use in medical therapy 
is included, as well as a short table of standard buffers for pH 
calibration. The useful tables of the earlier editions, too numer 
ous to list separately, have been retained and brought up to date. 

Finally, an up-to-date periodic table and table of atomic 
weights on the inside covers put the finishing touches on an ex- 
cellent special-use chemical handbook. 
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Methods of designing of experiments... 


. is the primary contribution of statistical methods to chemical 
experimentation. Chemists have developed a facility for extracting 
the information from their experimental data (by awkward methods 
sometimes ) but have not, in general, gained an appreciation of the 
need for experimental designs giving efficient estimates of effects 
and valid estimates of experimental errors. 

This manual has been prepared as an adequate description of 
how the present knowledge on design of experiments can be applied 
in chemical investigation. It contains a collection of methods most 
commonly employed by the author in connection with his work in 
one of the largest industrial research organizations. The book is 
built on case histories. A knowledge of the mathematics of prob- 
ability is not a requisite, but the author conveys a fundamental un- 
derstanding of the philosophical logic and practical limitations of 
statistical technique. 

CONTENTS: 
I. Introduction 


STATISTICAL METHODS 
for Chemical Experimentation 


By W. L. GORE, E. I. du Pont de Nemours & Com- 


pany, Wilmington, Delaware 


II. Statistical Concepts 
. The Reliability of Estimates 


), Analysis of Variance 


). Design of Experiments 

I. Correlation and Regression 
Il. Attribute Statistics 

ables 224 pages, 4% x7 20 illus. 47 tables $3.50 


Gentlemen: 
Please send me the following: 


GORE, Statistical Methods $3.50 
ad yw” LC Please keep me informed about further manuals in the series. 


Check Enclosed [J Send Bill [J Send “On Approval” 


INTERSCIENCE PUBLISHERS, INC. 


250 FIFTH AVENUE, NEW YORK 1, N. Y. 
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The long awaited, 
25-year CUMULATIVE INDEX to the 
Journal of Chemical Education is now 
ready. This is not a compilation of the 
annual indexes. It'sacompletely new index 
made from a study of each issue published - 
since January, 1924. In fact, this Cumula- 
tive Index is a veritable bibliography of the 
entire field of chemical education. 


You will find it a source book full of ideas that can be used to enhance 
your teaching and to help you in your laboratory work. Teachers will 
find the bibliography of lecture demonstrations alone worth more than 
the price of the index. 


An indication of the wealth of material available may be had by 
scanning this list of some of the principal items with the approximate 
number of entries under each. 


Lecture Demonstrations and Experiments 850 | 
Apparatus 875 | 
Curriculum 235 | 
Laboratory (including) 240 | 
Techniques 50 
Design 40 | 
+ General Items 


(including games, puzzles, ‘‘chem. shows,”’ etc.) 
Tests and Examinations 
Calculations and Problems 
Teaching techniques 
Glass manipulation 
Stockrooms 
Periodic Table or System 
Oxidation and Reduction 
Conductivity 
Balancing equations 
Valence 
Qualitative analysis 
Quantitative analysis 
Organic Chemistry 
High-school chemistry 
Chemical engineering 


— 


— 


Particular Items 
of “Content” 


Curricular 
Division of Chemistry 


The price of the Cumulative Index has purposely been held to 

a minimum in order to permit the individual to have his own copy available 
atall times. Order your copy today. 

$3.2 POSTPAID 
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Easton, Pennsylvania 
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Got yours? 


Just issued is a new edition of the Eastman 
Organic Chemicals catalog, an essential tool 
for all concerned with chemistry. 

There are many changes. 


New chemicals. 256 of them new to this 


edition. More than 3500 listings in all. 


New names. A great many revisions to 
conform to Chemical Abstracts nomenclature, 
now accorded wide acceptance by the world’s 
chemists. To help over the transition, we 
have included with the catalog an 8-page 
summary of how we use this naming system. 


New sizes. For faster service, we’re now 
stocking just two package sizes for each item. 


But everything you’ve previously found 
valuable in the Eastman catalog is still there. 
The molecular weights, the structural formu- 
las, the melting or boiling ranges. The lists 
of special reagents, “‘spot test’”’ reagents, pH 
indicators, liquids for refractive index deter- 
mination, amino acids, sugars, alkaloids, vi- 
tamins. And a chart of infrared “windows” 
and ultraviolet cutoffs for our new spectro- 
photometric solvents. 

You ought to let us know if by now you 
haven’t at your disposal a copy of List No. 38. 
Distillation Products Industries, Eastman Or- 
ganic Chemicals Department, Rochester 3, 
N.Y. (Division of Eastman Kodak Company). 


Eastman Organic Chemicals 


for science and industry 


Also...vitamins A and E in bulk... distilled monoglycerides ... high vacuum equipment 
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Eberbach 
CATHETOMETER 


For reading thermometers, burettes and manometers where close 
observation is dangerous or impracticable. Telescope is mounted 
by special clamp to the calibrated support column adaptable to 
vertical or horizontal position. The telescope with cross hair gives 
20X at 30 cm. minimum focus distance and 8X at infinity. 8 inch 
telescope extends to 10%”. With support vertical, telescope swings 
through 90° horizontal arc and 360° vertical. Like movements can 
be made when support is horizontal. Telescope and support column 
are nickel-plated brass. The column has a scale graduated in 1 mm. 
subdivisions readable by vernier to 0.1 mm. Cat. No. 12-620 with 40 
cm. scale is $150.00. 


SCIENTIFIC 
INSTBUMEATS 
i E-APPAROTUS 
CORPORATION 


ANN ARBOR. MICH. 1069 


The LEITZ INDUSTRIAL ROUY-PHOTROMETER 


An achievement in accuracy, dependability, simplicity. 


Colorimetric absorption analysis, spells 
greater accuracy and reliability in indus- 
trial products control such as: 


Water Supply Electro Plating 

Soil and Fertilizer Metallurgy 

Foods Tanning 

Oils Dyestuffs 

Crop Control Die Castings 
Glass 


Write for Bulletin 65 C 


THE RUPP and BOWMAN COMPANY 


SCIENTIFIC APPARATUS DEPARTMENT 
315-319 SUPERIOR STREET - - - TOLEDO 3, OHIO 
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Examination 
A new examination for Chemist, En- 
gineer, Mathematiciaa, Metallurgist, 


Physicist, and Electronic Scientist, has 
been announced by the Board of U. S. 
Civil Service Examiners for the Potomac 


River Naval Command, to fill positions - 


paying from $3410 to $10,800 a year in 
Naval field establishments in Washington, 
D. C., and vicinity and in the Engineer 
Center at Fort Belvoir, Virginia. Posi- 
tions of electronic scientist in other 
Federal agencies in Maryland, North 
Carolina, Virginia, and West Virginia, will 
also be filled from this examination, 

No written test is required. To qualify, 
applicants must have had appropriate 
education or experience or a combination 
of both. In addition, for the higher pay- 
ing jobs, they must also show professional 
experience in the field of work for which 
they apply. Applications will be accepted 
from college students who expect to com- 
plete the required study within 9 months. 
Age limits for positions paying $3410 are 
18 to 35 years; for all other positions, 18 
to 62. These age limits are waived for 
veterans. 


New Literature 


A new 8-page booklet titled “Facts and 
Figures on Three Powerful X-Ray Tools 
for Non-Destructive Analysis’’ is avail- 
able gratis from C. J. Woods, Research and 
Control Instruments Division, North 
American Philips Co., Inc., 750 South 
Fulton Avenue, Mount Vernon, New 
York. 

Diagrams are used to show the principles 
of operation for the three instruments, 
data are given on recommended fields of 
application, and results to be obtained are 
explained. 

In addition, the booklet clearly illus- 
trates how the simplest film diffraction 
unit consisting of the basic X-ray gen- 
erator plus a camera can be converted to 
spectrometer and spectrograph use through 
the addition of these components. 

The September issue of CA Notebook 
has just been published by the Chicago 
Apparatus Co., 1735 North Ashland Ave., 
Chicago 22, Illinois. Thirty-two pages 
illustrate and describe laboratory appara- 
tus and equipment including balances, 
hot plates, colorimeters, distillation units, 
and laboratory furniture. Copies may be 
secured by applying to the Chicago 
Apparatus Co. 

_A new catalogue describing over 200 
different thermometers ranging from 
—330° to +760°F. and introducing two 
recently developed thermometers, has 
just been offered to our readers. Copies 


of Catalog A-52 may be obtained from 
Brooklyn Thermometer Co., 217-09 Mer- 
rick Boulevard, Springfield Gardens, Long 
Island, New York. 

The current issue of The Beckman Bulle- 
tin, published by Beckman Instruments, 
Inc., South Pasadena 36, California, in- 
cludes some notes on the uses of the 


flame photometer as well as a story on the 
theory and design of the high frequency 
conductometer. 

Arthur 8S. LaPine & Co.’s September 
issue of Lanco Apparatus News contains 
eight pages with announcements about 
mechanical convection ovens, constant 
temperature circulating system, heating 
tape, balances, stopcock adapters, and other 
laboratory equipment. Copies may be 
secured by writing to the company at 
6001 S. Knox Ave., Chicago 29, Illinois. 

Labitems for September features a brief 
but interesting article headed, “New 
absolute and_ differential manometers 
simplify measurement of pressure and 
vacuum.” In addition, the latest labora- 
tory items are illustrated and described. 
Copies can be secured from the Emil 
Greiner Co., 20-26 N. Moore St., New 
York 13, New York. 


Strong, light and fully flexible. TYGON Tubing 


TUBING 


makes the toughest lab “set-up” easy. Ii goes from 
anywhere to anywhere in the laboratory. It 
bends and twists readily — conforms to the light- 
est touch. It slips over tubulatures quickly — 


AT YOUR 


clings tightly. 


LABORATORY What's more, TYGON is chemically resistant, 


SUPPLY DEALER! 


glass-clear and non-oxidizing. It resists both 


acids and alkalies plus oils, greases, water, 
and most solvents. Its unusual clarity permits . 


U. S. STONEWARE CO. * 


Please mention CHEMICAL EDUCATION when writing to advertisers 


Senuine 


PLASTICS AND SYNTHETIC DIVISION @ 


full solution visibility, accurate flow con- 
trol. Its non-oxidizing characteristics mean 
long service life. 


AKRON 9, OHIO 
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1952 = 


Introduction 
to the 


SCIENCE 
OF 
CHEMISTRY 


MYSELS 
COP ELAND present a coherent 


view of the struc- 
ture and behavior of matter in easy and 
logical fashion. Theoretical concepts are 
derived by a direct line of reasoning from 
experimental facts. The student is led 
gradually from the simple and familiar to 
the more complicated and unfamiliar, with a 
solid basis for each successive step. To 
achieve this, the authors have reshuffled 
the usual sequence of topics, setting up 
new groupings of related facts about various 
elements. A thorough discussion of physical 
changes precedes the discussion of chemical 
changes. 

Choice of descriptive material has been 
dictated by its pertinence to the develop- 
ment of general concepts. It is arranged 
by type of phenomenon rather than by 
element. 

All statements are carefully worded to 
avoid ambiguity. Diagrams and graphical 
presentations are utilized 


A new text for an 
introductory course 


more than is customary. NEW YORK 
This book is adapted to a GEEASO 
first course for majors in er 
DALLAS 
chemistry or premedicine, COLUMBUS 
or a terminal course for TORONTO 


SAN FRANCISCO 


GINN 


other students. It does 
not presume previous 
training, but is well-suited 


to those who have had AND 
high-school chemistry. COMPANY 
Excellent laboratory 
manual. BOSTON 


ALWAYS READY TO USE 
IN THE CLASSROOM 


The NEW Coleman 
pH Meter.........$215.00 


@ No batteries 
@ Direct reading 
@ Constantly indicating 


Just plug it into the 110 volt A.C. current line socket! 
Complete stability in five minutes means no reading drift! 


Your Titrations, too, are easily followed... add titrant 
and watch the immediate change in meter needle position 
on the BIG scale. 


Coleman precision . . . to 0.05 pH... plus line operating 
convenience, makes this modern pH meter ideal for every 
school use. Of course, it is housed in a beautiful plastic 
case! 


IMMEDIATE STOCK DELIVERY 


No. 3530JC. Coleman AC pH Meter. For direct connection to 110 volt 
50/60 cycle line with new screw-top glass electrodes mounted n plastic 
head with 12 inch lead. Constantly indicating circuit, ready for use with 
mounting assembly. Housed in black plastic case. Each........- $215 


Write for Bulletin JC-11, WACO CATALYS 


showing all Coleman instruments including new 
automatic titration attachment for the model 18 
above and simple titration assemblies. 


An Authorized Coleman Distributor 


LABORATORY SUPPLIES AND CHEMICALS 


\ WILKENS ANDERSON CO. 


4525 W DIVISION’ ST e CHICAG6 51 ILLINOIS 
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WBraided Tygon Tubing 


Tygon flexible plastic tubing with a 
triple wire, stainless steel outer braid has 
just been made available by the U. S. 
aware Co. of Akron, Ohio. This new 
form of Tygon tubing was developed to 
meet the demand for a chemically resist- 
ant, translucent, nontoxic, fiexible tubing 
and hose for high pressure applications. 

According to the manufacturer, with 
this braided stainless steel reinforcement, 
Tygon tubing absorbs vibration more 
readily and does not crack, leak, or break 
under working pressures up to and in- 
cluding 300 p. s. i. Because of the flexi- 
bility of this tubing less footage is required 
than with rigid tubing, fewer fittings are 
necessary, and no special tools are re- 
quired for installation. It also has the 
added advantage of being translucent, per- 
mitting visual inspection of flow and sim- 
plifying cleaning. 

Tygon stainless steel braided tubing is 
stocked in two sizes ('/; inch ID and 
*/,inch ID). It’s available in six stand- 
ard formulations and in running or fitted 
lengths. 

Tygon stainless steel] braided tubing is 
recommended for the high pressure trans- 
mission of virtually any liquid, gas, or 
semisolid. It is particularly effective in 
the handling of highly corrosive materials 
which must be protected from contamina- 
tion. 


New Constant Temperature 
Circulating Systems 

For circulating liquids at controlled 
temperatures through refractometers, vis- 
cometers, polarimeters, condensers, dis- 
tillation columns, colorimeters, or any 
other instrument requiring circulation of 
tempered liquids. Sensitive to +0.02°C., 


it is easily set to desired temperatures 
through 


Rota-Set mercury regulator. 


Built-in electronic relay ned only 15 
miecroamp. in sensitive regulator circuit, 
eliminates regulator trouble. Stainless 
steel throughout, all bronze centrifugal 
pump, sealed ball-bearing motor, built-in 
tooling coil, and large water capacity for 
greater stability, are a few of the features. 
Range below room to 100°C. Details 
and prices are available from Labline, 
Inc., 217 North Desplaines Street, Chi- 
cago 6, Illinois. 


Peptide Intermediates 


Peptide intermediates, an important 
tool for nutritional and metabolic re- 
search, are now available on a commer- 
cial scale. While Mann Research Labo- 
ratories, Inc., is already offering a com- 
prehensive series of peptides, the number 
of such possible formation is so great that 
it is impossible to prepare all in advance. 
With these peptide intermediates, re- 
search biochemists will have the possi- 
bility to synthesize any kind of known or 
unknown peptide without the preparation 
of these complex intermediates. 

Mann Research Laboratories, Inc., 136 
Liberty Street, New York 6, New York, 
will be glad to mail price list #116B (Pep- 
tide Intermediates) upon request. 


New Apparatus Catalogs 


Scientific Glass Apparatus Co., Inc., 
Bloomfield, New Jersey, has just an- 
nounced the publication of two new cata- 
logs. One, known as the “General,’’ 
has 1000 pages illustrating and describing 
a complete line of scientific instruments, 
apparatus, and general laboratory glass- 
ware and supplies. The second, entitled 
“Inter-Joint’’ Glassware, contains 420 
pages covering their entire line of manu- 
factured glassware, both standard and spe- 
cial. 

Copies may be secured by filling out a 
“Catalog Requisition Form’’ obtainable 
from the Scientific Glass Apparatus Co., 
Inc., Bloomfield, New Jersey. 


Double wall construction and touch operated drawers. 
Interlocked joints are both spot and electronic arc welded. 
Fireproof, waterproof, corrosion-resistant, sanitary, rugged. 


Through designed for schools, this equipment is of the same high 
quality as that used in many of the finest industrial laboratories, 


WHEN PLANNING 


Re ETA LAB offers you 


the finest in 
LABORATORY EQUIPMENT 


Let Metalab advise you on 
* How to plan your Laboratory for greater efficiency. 
¢ How Interchangeable Sectional Units are used. 
* How to get the most for your laboratory budget. 
Our new modern plant is geared to give you the close 
cooperation and rapid service you require. 
Rush your problems to us today! 
Furniture and Equipment. 


YOUR SCHOOL LABORATORY 


will benefit substantially from these 
SUPERIOR FEATURES OF METALAB EQUIPMENT 


Exclusive 7-point “Metcote” Protection of materials. 


~-------—---4 


WITHIN YOUR BUDGET 


LABORATORY FUKNITURE 
and EQUIPMENT by 


240 DUFFY AVE., HICKSVILLE, L.!., N.Y. 
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UNIT” 


HEATING UNITS 


for special processes 
requiring controlled heating 


, These units consist of coils of 
high grade nickel chromium 
wire in refractory shapes. A 
diversity of sizes and shapes 
permits many varied appli- 
cations. Temperatures up to 
2000 F. may be obtained. 


‘CONTROL YOUR HEATING PROCESS WITH A! 
HEV! DUTY TAP-CHANGING TRANSFORMER 


Designed specifically for changing the voltage to that required 

to control the temperature of “Multiple Unit” heating units. Any 2 
practical number of output voltage steps may be obtained to 
provide a precise range of control. a 


is _ Send us your specifications or request fordata, =. 
HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEMIEBUTY ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 


.espectally recommended...” 


| 
POLAROGRAPHIC 
METHOD 


OF ANALYSIS 
| 
By OTTO H. MULLER, 
Associate Professor of 
Physiology, State University 


of New York Medical Center | 
at Syracuse, Syracuse, N.Y. | 


edition, the author purposes “‘to present 
a simple account of polarography in a 
form which can be used by teachers and 
students in physical chemistry as well | 
as in advanced courses in analytical | 
chemistry.”” The emphasis is on prin- | 
ciples and the scope is descriptive rather 
than mathematical. It begins with an 
excellent review of electroanalysis, 
showing the relation of polarography to 
other electro methods. A brief de- 
scription of apparatus includes equip- 
ment constructable from parts readily 
available in many laboratories. Funda- 
mentals of quantitative and qualitative | 
analysis and recent developments are | 
discussed in some detail. Chapters on | 
applications and suggestions for prac- 
tical polarography complete the book. 


| 
| 
In this second revised and augmented | 
| 
| 


A particularly good feature is the in- | 
clusion of 26 experiments, and _ the | 
graphs and tables of data obtained from 
them constitute the illustrative material 
of the text. These experiments could | 
be undertaken with profit by anyone | 
desiring an experimental indoctrination | 
in polarography. 


The book is especially recommended 
to students, beginners in the field, and | 
anyone desiring a brief but compre- 
hensive introduction of the funda- 
mentalsof polarographic measurements. 


Joun K. Tayior 
ANALYTICAL CHEMISTRY 


illustrated $3.50 | 
(Foreign $4.00) 


CHEMICAL EDUCATION 
PUBLICATIONS 


————-—-EASTON, 
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SPECTROPHOTOMETRIC CURVES 


Announcing 
@e@e@ per second an important text 


for semester or two- 
quarter courses 


ded...” 


| 
i QUANTI- 


2 ANALYSIS 


versity | 
William M. MacNevin 


Center | 
Professor and Head of the 
Division of Analytical Chemistry 


and Thomas R. Sweet 
Assistant Professor of Chemistry 


lytical ] The Ohio State University 


n prin- 

‘rather | 

vith an = Just off the press, this text 
alysis, consists primarily of a series 


phy to 
ef de- 
equip- 
readily 
*unda- 
itative 
its are 
terson | 


of both modern and class- 
R 4 ical experiments, carefully 
cummin g— selected to illustrate the 


SPECT RO P H OTOM ETE & ; basic theory of quantitative 


analysis; the only chapters 
on theory are the introduc- 


Att, Imagine it! Here is a way of following rapid color changes eee ond the — P -. 
and transient phenomena. Here is a way of monitoring 

he in- | ‘ rectly incorporated into 
2 on flowing processes. Here is a useful tool for rapid comparisons h q 
| of transparent or opaque materials; gaseous, liquid or solid. 
aterial | The AO SPECTROPHOTOMETER traces 60 separate ee eee 
could and numerical] problems at 
| curves per second on the face of a cathode ray tube fusing 

‘ the end of each exercise em- 
nation | them into a “moving picture” of color changes over the entire ER EN a 

| visible spectrum from 400 to 700 millimicron wavelength. ye both 

A roomy sample chamber accommodates transparent dent 
| to thick will the needs of students plan- 
"at produce data from opaque surfaces as small as 1 inch square. ning to specialize in medi- 
ments. Permanent records can be made with any of the standard cine, engineering, phar- 
” 
aa 5” oscilloscope cameras. macy, or chemistry. 
MISTRY 
248 pages 

| Be sure to see the new AO Rapid Scanning Pes 
$5.50 Spectrophotometer demonstrated at your earliest $3.75 
$4.00) convenience. For illustrated literature 

write Dept. L-67. 
ene HARPER & BROTHERS 

ON 49 East 33d St., New York 16 


American @ Optical 


BUFFALO 15, NEW YORK 


INSTRUMENT DIVISION + 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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. .. for rapid, accurate preparation 
of Volumetric Solutions. 


... Laboratories requiring speed and accuracy are 
using Acculute with excellent results. 


ACCULUTE SAVES TIME—Open the ampoule—transfer the con- 
tents to a volumetric flask—dilute to volume (1000 ml)—your 
volumetric solution is prepared, 
ACCULUTE IS RELIABLE Close control of the special manufac- 
turing processes insures uniformity of the product. Acculute 
does not vary in chemical content—you can depend on it. 
ACCULUTE IS ACCURATE—Each ampoule contains the precise 
concentrated equivalent of the normality stated on the label. 
There is no need for subsequent standardization. 
Caustic solutions are supplied in sealed polyethylene bottles, 
others in chemically resistant glass. 
mplete instructions for preparing Acculute solutions are 
wr with each unit. 
ial bulletin, listing Acculute concentrates with prices 
and Geesente will be sent on request. 


y TEST 
PAPERS 
Simple 


Rapid 
Accurate 


Accutint is simple to use — just place a strip of the paper in contact 
with the substance to be tested and compare the color of the exposed 
portion with the master colors on the vial. 

Accutint is rapid—it gives immediate results—no calculations 
are necessary — visual color comparison indicates the pH value. 

Accutint is accurate—to 1 pH in the wide range paper and to 
0.3 pH in the fractional range. Wide range papers are recommended 
where the pH value is not known to be within the limits of a frac- 
tional range paper. Fractional range papers are used for greater 

accuracy after the range has been determined. 

$-65277 ACCUTINT TEST PAPERS. Packed in glass vials, each vial 
contains five pads or 100 strips. Color chart and instructions are 
included with each vial. Per Vial $0.65 
Per 72 Vials 10% Discount 
S-65278 MASTER COLOR CHART. Illustrates color standards and 
readings for every pH value in each of the twenty-three wide and 
fractional ranges. Chart helps in the selection of the most suitable 
ranges or papers for a specific purpose. Each $1.00 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS - APPARATUS - CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 


Catalog No. 


LIGHT WEIGHT 


COMPACT 
WELL BALANCED 


Obtainable from your 
Laboratory Supply Dealer 


S. 
(Mass Spectrometer Checked) 


GASES 
HELIUM - NEON « ARGON» KRYPTON - XENON 


Linve Rare Gases are mass spectrometer checked to 
assure you gases of known purity and avgle- high 
quality. Avgilable mm 
glass bulbs. 


Linpe, the world’s largest producers of gases dont 
from the atmosphere, can meet your individual needs = * 
of purity... volume ... mixtures... containers... 


LINDE AIR PRODUCTS COMPANY 


DIVISION OF 
UNION CARBIDE AND CARBON CORPORATION 


30 East 42nd Street [I[9 New York 17, N.Y. 
_ In Canada: Dominion Oxygen Company, Limited, Toronto 


BUCHNER | 


STYLE 


DESIGN 


COORS PORCELAIN COMPANY U 


GOLDEN, COLORADO 
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Does away 
age . 
stands 
definitely. 

convenient. 
sizes used 


Delivers a DROP 
or a STREAM 


NYLAB 


SCIENTIFIC INSTRUMENTS APPARATUS 


with break- 


. mouthpieces . . . 
bulbs. 
flexing 


With- 
in- 
Durable and 
Smaller 

with short, 


straight discharge tube 


are perfect 


for washing 


of glass electrodes. 


Catalog No. 15720 15721 15722 15723 15724 
Capacity 30 60 125 250 500 
Price 1.15 1.2C 1.30 1.60 1.85 
Discount of 10% on orders of dozen or more 

Polyethylene ‘‘Police Rods” 


FOR ALL STIRRING 


One piece molded, flexible, chemicall 


inert 


polyethylene rods are unbreakable, can be bent 
to angle required. Thin paddle ends may be 
trimmed with scissors. Usable for short periods 
at temperatures up to 100°C. Wire stiffened. 


Approximate 

Catalog No. overall length 
77520 6 in. 
77523 9 in. 


Discount of 10Tp on gross lots 


Price, 
dozen 
3.75 
4.75 


For EASY 

ORDERING of 
all LABORATORY 
NEEDS— 


and apparatus. 


Comprehensive, easy-to-use. Latest instruments 
Handy cross-reference section. 


Over 3500 clear, factual illustrations . . . descrip- 


tive material. 


Items 


numbered. 


Printed on heavy stock, bound in durable Fabri- 


koid. 


TO GET YOUR COPY: Write today on pe or 


institution letterhead giving name 


and tit 


‘Telephone: CAnal 6-6504 


WHATMAN 
Ashless Tablets 


Modern analytical technique fre- 

quently calls for the use of ashless pulp 
to expedite the filtration of gelatinous 
precipitates and to permit the use of 
more rapid filtering papers for fine 
precipitates without jeopardizing ac- 
curacy. 
WHATMAN Ashless Tablets are an 
excellent source of such pulp. They 
have so little ash that it can be safely 
ignored, they break up easily to form 
a smooth, even suspension in distilled 
water and they are comparatively 
inexpensive, 

You can either make up a stock sus- 
pension or use a portion of a tabiet 
for individual analyses. 

Always keep a supply of WHAT- 
MAN Ashless Tablets on hand as you 
will find many uses for them. 

Order from your dealer but if you 
would like samples, write direct to us. 


H. REEVE ANGEL & CO., INC. 


52 Duane St. New York 7, N. Y. 
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A DICTIONARY OF 
CHEMICAL EQUATIONS 


... 


Acanaphthylene; Acetobromoglucose; Acetonedicarboxylic Acid, 
a-Acetylindole; 3-Acetylpyridine; Acetylthiocholine lodide; 
Aconitic Acid; Acridine Hydrochloride; Adenosine Diphosphate, 
Adonidine; Alanviglvcine, Alkaloids; 4-Aminopyridine; Amylase; 
Anserine; Arachidic Acid; Arachidonic Acid; |-Argininamide; 
o-Arsanilic Acid; Atropic Acid; Bacitracin; Pehenic Acid; Carbo- 
benzoxychloride; Carnosine; Catalase cryst.; Cellulase; Cerotic Acid; 
Cery! Alcohol; a-Chloralose; 8-Chiezsiose p-Chloroanilidophos, 
phonic Acid; p-Chloromercuribenzoate; Cholesterol Esters; Circula- 
tory Hormone; Clupein; Collagen; s-Collidin; Columbium Chloride; 
Copper Glycinate; Dehydroascorbic Acid; Desoxycorticosterone 
Glucoside; Desthiobiotin; Dialuric Acid; Dibromosalicylaldehyde; 
Dihydroxyacetone Phosphate; Diisopropy! Fluorophosphate; Dithiol; 
Endosuccinic Derivatives; Enzymes; Equilenin; Equilin; Erucie Acid; 
dl-Ethionine; Ethylenediamine Tetraacetic Acid; Ethylpyridinium 
Bromide; Fructose-6-Phosphate; Gitoxin; Glucoascorbic Acid; Giuco- 
sides; Glucuronides; Glyceraldehyde Phosphate; Glycylglycylglycine; 
Glycylleucine; Glycyltryptophane; Glycyltyrosine; Heparin; Hexo- 
kinase; Hyaluronic Acid; 4-Hydroxyacridine; 8-Hydroxyglutamic 
Acid; a-Hydroxyphenazine; 12-Hydroxystearic acid; lodoacetamide; 
o-lodosobenzoic Acid; isoascorbie Acid; Isocitric Acid; lsocytosine; 
Kynurenic Acid; Lactobionic Acid; Leucylglycine; Leucyltyrosine; 
Lignoceric Acid; Lithium Amide; Margatic Acid; Menthol Glucuron- 
ide; 8-Mercaptopropionic Acid; Mescaline Sulfate; Mesocystine; 
Methy!-bis-Chloroethylamine; 8-Methylcrotonic Acid; 3-Methyl- 
cytosine; Methylnonylketone; §-Naphthaleneacetic Acid; N-Naph- 
thyl-N’-diethylpropylenediamine; Naphthyl Red; Neurine Bromide; 
Nitrosomethylurea; Nordihydroguaiaretic Acid; Osmic Acid; Para- 
banic Acid; Penicillinase; Peroxidase; Phenolohthalein Glucuronide; 
Phenylpyruvic Acid; Phosphopyruvic Acid; Phthiocol; Pregnenolone; 


INORGANIC REACTIONS 


ORGANIC REACTIONS 


NUCLEAR REACTIONS 


If for any reason this book is unsuited to your 


purposes it may be returned within thirty days 


and full refund of purchase price will be made. 


tocatechuic Acid; Puyrourogallin; Pyocyanine; Pyrimidine; Reductic Onl 

Acid; Sodium Amide; Sodium Fluoroacetate; Sphingomyelin; Sphin- as 

gosine; Stilbemidine; Sulfaqui line; Tantalum Chloride; o-Ter- (Fl 

phenyl; m-Terphenyl; p-Terphenyl; Thiomalic Acid; §-Tocopherol; able 

tigonelline; Tropic Ac yrosinase; Urease cryst.; Uridine; Uro- 

P R | Cc E Remittance with order— $5.00 bilin; Ursolic Acid; Vitemin Biz, 
Parcel post C.0.D.—$5.20 


Ask us for others! 
DELTA CHEMICAL WORKS 


ECLECTIC PUBLISHERS 


30 WEST WASHINGTON STREET 
CHICAGO 2, ILLINOIS 


RARE 
CHEMICALS 


BE eR BE EB BB B 


23 West 60th St. New York 23,N.Y. 
Telephone Plaza 7-6317 


Many More Rare Inorganic Chemicals 
Are Now Available 


Write For New List Featuring These Items 


For Efficient Service—Specify 


AMEND DRUG & CHEMICAL Co., INC. 
117-119 East 24th Street New York 10, N. Y. 


Please 
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As Handy As Your Tap 


Penfield Permanent Cartridge 


With Exclusive Flow Meter 
Delivers up to 10 gph of super high purity 
Only tv od wovides water at turn of faucet — and at ouly a 
a Sight icator fraction of the cost of distilled water. Elec- 


(Flow a that en- 
ables the operator to 
adjust the intake flow 
to the proper rate for 
most efficient ion ex- 
change action. 


tric Conductivity Meter furnishes continu- 
ous quality indication. Permanent Cartridge 
feature cuts operation costs by at Icast 25% 
over other laboratory demineralizers. Send 
for folder M-8. Or ask your favorite Labor- 
atory Supply House. 


PENFIELD MANUFACTURING CO., INC. 
19 High School Ave., Meriden, Conn. 


FILTERS - SOFTENERS - DEGASIFIERS - DEMINERALIZERS 
Penfield “Planned Purity’ PAYS! 


“For MODERN 
Procese ¢ outrol 


Use the New HELLIGE 


Chrometron 


PHOTOELECTRIC COLORIMETER 
and TURBIDIMETER 


Easy 3-step Operation 
Instantaneous Results 
Unlimited Application 
Completely Portable 
Always Dependable 


1 
Please Send GREE Catalog No.925 | 
NAME 


STATE. 


877 STEWART AVENUE 


1 HELLIGE, INC. Garoen CITY, N. Y. 


DIRECT DRIVE STIRRER 


One of the most powerful laboratory stirrers 
available—a sturdy, direct drive stirrer offer- 
ing the power and stamina necessary for the 
heavier stirring applications. Can be used 
for many semi-industrial jobs. 


@ 1/12 HP motor 


Table-top speed 
control rheostat 


e 0 to 5000 RPM 


© 5/16” true 
running chuck 


@ Continuous duty 


@ Stainless steel Mode! 7605E 
mounting rod ‘45 65 

@ Used with any 
laboratory support Write for 

@ 110 volts, AC-DC Descriptive 


Bulletin 5404R. 


PALO 


Formerly Palo-M yers, Inc. 


with COMPLETE Speed Control 


DIRECT DRIVE STIRRER 


A direct drive stirrer suitable for 
the majority of the laboratory's 
stirring operations. An inexpen- 
sive and thoroughly reliable unit. 


Write for 
Descriptive 
Bulletin 3404R. 


© Rheostat speed control 
@ 0 to 8000 RPM 

e 1/100 HP 

Continuous duty 


@ Stainless steel mounting 
rod 


@ 1/4” true running chuck 


Model 7605 


‘99 


© Can be mounted on any 
laboratory support 


110 volts, AC-DC 


See Your Regular Supply Dealer 
or Write Directly to Us 


LABORATORY SUPPLIES, Inc. 


81 Reade Street, New York 7, N. Y. 
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FULL-CIRCLE 
POLARIMETER 


Make direct readings to 0.05° and estimations to 0.01° 
with the Kern Full-Circle Polarimeter. Make your setting 
more precise with the tripartite field of vision. Adjust the 
instrument to your eye level by tilting on stand. 


Precision built throughout. IMMEDIATE delivery on 
all instruments. 


Write today for new Bulletin KP-514 
Sold through all leading suppliers 


KERN COMPANY 
5-7 Beekman St., New York 38, N. Y. 


C & B Reagent Chemicals are 
manufactured to meet definite 
standards of purity . . . stand- 
ards which have been set up to 
insure products suitable for re- 
search and analytical use. 
These standards are based up- 
on the publications of the Com- 
mittee on Analytical Reagents 
of the American Chemical So- 
ciety and our own experience 
of over thirty years in the man- 
ufacture of fine chemicals. 


C & B Products are Distributed by 
Laboratory and Physician Supply Houses 
throughout the World. 


Write for Copy of our Catalog 


The COLEMAN & BELL CO., Inc. 
Manufacturing Chemists, NORWOOD, OHIO, U. S. A. 


COLEMAN ¢ BELL 


TIVE. VALUES OF RETENTION OF bd 
ANALYTICAL FILTER PAPERS 
Ash-Free Popers 
4 S & S Hardened Filter Papers— 
e from the fastest to the most retentive 
e 
- The very rapid hardened grades S & S No. 410 and 589-1 
ad H are particularly suitable for the reprecipitation and 
} 4 filtration of the metallic hydroxides and of bulky gelat- 
e inous ppts. from sodium hydroxide media. The grades 
6 404 and 497 have found excellent application in the 
4 production of S & S tear-proof folded filters. No. 402 
e is being used extensively in soil analyses. No. 576 is 
e the standard grade for the filtration of serum, injection 
4 fluids, ete. The ash-free No. 507 possesses outstand- 
+—— Shark Skin ing qualities in certain problems of chromatography. 
at gq 
Write for samples and latest catalog No. 70-A. 
SCHLEICHER « SCHUELL CO. 
ra Be 604 & 404 e 521 Washington St., Keene, New Hampshire 
Black Ribbon ae 
saeed yereeereeten ALWAYS INSIST ON S & S AMERICAN FILTER PAPERS 
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| Photometers 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


KLETT SCIENTIFIC PRODUCTS 
ELECTROPHORESIS APPARATUS © BIO-COLORIMETERS 
GLASS ABSORPTION CELLS ¢ COLORIMETER NEPHELOM- 
ETERS ¢ GLASS STANDARDS « KLETT REAGENTS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 


R, 1952 


Please mention CHEMICAL EDUCATION when writing to advertisers 


BARNSTEAD 


“Packaged” Unit 
On Steel Skid. 
Easy To Install 


Barnstead Water Demineralizers are 
engineered to give you long, trouble-free 
service . . . they are scientifically de- 
signed to produce Pure Water — and 
water of standardized, controlled quality 
for as low as 5c per 1000 gallons. 

Now, Barnstead Demineralizers can be 
used profitably in countless operations 
and in every industry that is plagued by 
the uncertainties of tap water. Demin- 
eralized Water, by Barnstead, insures 
better products, consistent results, fewer 
rejects, and lower operating costs. 


Whether you need 5 or 1000 gallons per 
hour, Barnstead engineers will be glad 
to help you find the right answers for 
your specific Pure Water problem. This 
service is yours for the asking. 


FIRST IN PURE WATER SINCE 1878 


TRADE MARE AEG US PAT OFF. 


STILL & STERILIZER CO. 


BARNSTEAD STILL & STERILIZER CO. 
65 Lanesville Terrace, Forest Hills, Boston 31, Mass. 


Gentlemen: Please, send me the complete Pure Water story on 
Barnstead Demineralizers. 


Firm. 


State 


| 
. | Piping With With Sheet Rubber 
m i ‘ Flanged Joints Linings 1/8" thick. Flow Rate 
nts ' Vulcanized In Place Indicator 
S0- <a (Not Sprayed Or Coated) 
# 7 
ice Photoelectric Air Vent j 
| Be Observed In 
| Trough During 
| Regenerant Tanks. 
Acid Tanks Lined An indrvidual Tank For 
With 10 coats Each Column 
of Acid Proof Bolted in Place 
— 
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| | 
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APPARATUS 
EQUIPMENT 


CHEM ED BUYERS’ GUIDE 


IMMEDIATE 
DELIVERY 
from complete stocks 


Alkaloids 
Natura! and Synthetic Amino Acids 


Unnatural Amino Acids 
Biochemicals 
Enzymes and Coenzymes 


Heterocyclic Compounds 
Imines and Amines 
Metalorganics 
Pharmaceuticals 
Purines and Pyrimidines 
Rare Organic Acids and Derivatives 
Reagents 
Sugars and Derivatives 


Vitamins and Derivatives 


Ire 


[17 West 60th St., New York 23, N. Y. 
7-817) | 


Acetomesitylene 
hi ib ic Acid 


Imidazole 
2-Aminofluorenone 
EDCAN LABORATORIES 
Box 489, South Norwalk, Conn. 


p-TUBOCURARINE CHLORIDE, C. P. 


KING COLE CHEMICALS, INC. 
3413 Chase St. 


Reconditioned Microscopes 
B & L Polarizing Scope 
Microscope Repairs 
All Guaranteed 
Monroe Microscope Service 
P.O. Box 656, Rochester 2, N. Y. 


UNKNOWNS 


For 
Qualitative Analysis Classes 
One hundred qualitatively different lots of 
metals and alloys mixtures of metals and 
alloys. Ready for analysis. ee list on 
request. Just write for leaflet U 
The complete set of one 
ml. volumes (weights vary according to stiuc- 
ture and composition but range up to 40 grams). 
A Real Treasure Chest of Unknowns. 
All in one Compact Case.......... $37.50 


Cargille Unknowns have been used 
in many colleges since 1932. 
R. P. CARGILLE LABORATORIES, INC. 
117 Liberty Street New York 6, N. Y. 


ORGANIC NITROGEN COMPOUNDS 
FUNDAMENTAL ORGANIC CHEMISTRY 
WORK-BOOK OF ORGANIC CHEMISTRY 

Revised: $8.75, 4.50, 1.75 
University Lithoprinters, 


LABORATORY GLASS SUPPLY CO. 
610 W. 150th St. New York 31, N. Y. 


Ypsilanti, Michigan 
GLASS BLOWING 
Experts 
MINERALS 
g to Specifications for chemica!, medical, 
industrial RESEARCH LABORATORIES. Scandium Gallium 
Please ask for our quotation Send for Lists 


A. D. MACKAY, INC. 
198 Broadway, New York 38, N. Y. 


COME TO “THE KJELDAHL PEOPLE” .. 


. when you want modern Kjeldahl 
laboratory, lerge or small. 
you, is available in 6 - 96 flask 
gas or electric Separate digestion and dis- 
tillation units; combination decked units. ‘‘Lab- 
conco” has been the ‘“‘by-word” in Kjeldahl 
apparatus for none than 20 years, now in service in 
the laboratori: Procter & Gamble, General 
Mills, DuPont, Foods, etc. 
WRITE DIRECT TO THE MANUFACTURER 
FOR PICTURES, PRICES, FULL DETAILS 
LABORATORY CONSTRUCTION CO. 
1113 Holmes Street . Kansas City, Mo 


Chemical Stoneware 
VACU UM FILTERS 


*With integral 
or separate 
grids 


5 gals. 
to 200 gals. 


MAURICE A. KNIGHT 


POLARIMETER TUBES 

and ACCESSORIES for 

GENERAL POLARIMETRY 
INVERSION TESTS 
HIGH TEMPERATURE POLARIMETRY 

CONTINUOUS 

SEMI-MICRO POLARIMETRY 
MICRO POLARIMETRY 


Write for new list PT12. 
O.C.RUDOLPH& SONS 


Manufacturers of 
Optical Research & Control Instruments 


P.O. BOX 446, CALDWELL, N. J. 


PRICE LIST #117A 
AVAILABLE ON REQUEST 
Amino Acids 
Polypeptides 
Enzymes 
Hormones 


Research Biochemicals 


RESEARCH 
LABORATORIES 


136 Liberty St. New York BEekman 3-586) 


YOU, TOO CAN USE 
CHEM ED BUYERS’ GUIDE 


Manufacturers, suppliers, and distributors of 
chemical laboratory equipment and material, 
faced with the problem of promoting one o ) 
more products which do not lend themselves | 
to inclusion in the company’s principal ad 
vertisements, or which do not justify the use 
of more advertising space, find these small 
units offer just the right size and place for 


“ 


publicizing that extra or special item. Here ar 
is YOUR ideal opportunity to sell that ‘“mar- 
ginal” or miscellaneous article or that new 
gadget! 


211 Kelly Ave. Dept. A Akron 9, Ohio 


Pro 

sen 

* INEXPENSIVE tior 

* EFFECTIVE 

*PROFITABLE obri 

That's what they say about org 

Chem Ed Buyers’ Guide 
RATES 

ve $6.75 per inch 
7.75 per inch 


Less than 6 insertions. .. . 8.75 per inch 
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CHEM ED BUYERS’ GUIDE SERVICES 


TECHNICAL BOOK FIELD EDITOR 


Well-known technical book publisher has an opening for field editor 
to develop and procure manuscripts. Should be 35 to 45 years old, 
widely acquainted in industry and colleges, especially in chemistry, 
physics and engineering. Must know technical book publishing and 
be capable of developing individual books or a whole program to pub- 
lisher’s specifications. Willing to travel one-third to one-half of the 
Suntien tenacl : time. Please give all details including salary desired. Our staff knows 
described in Ind. e of this ad. Box N-5424. Journal of Chemical Education, 500 Fifth 


& Eng. Chem'y, : Avenue, New York 36, N. Y. 
Analytical Ed'n. 
Vol. 17, page 99, 
1945. 


Mandatory type Beith Refractometen— 
used dropwise to 


stirred reaction mix- 


ture. Sx New design incorporating 
ACE fier, || outstanding features 


ing our complete line of 
funnels. 


Write for literature to 


| ERIC SOBOTKA CO. n'y 


FOREMOST IN STANDARD AND SPECIALIZED 
Specialists in Leitz and Zeiss Equipment 


“ACME” for 


Accuracy — Assured by Sensitive Controls 


FOR AUTHORITATIVE 
FLUORESCENCE MEASUREMENTS 


| CONSTRUCTION — By Expert Experienced Craftsmen 
FARRAND Ma teriAts — Only The Finest Obtainable 


PHOTOELECTRIC 
: FLUOROMETER ENGINEERING — Exclusive Features Denote A Superior 
yese smal Product 
@ AUTOCLAVES @ HUMIDITY CABINETS 


thet -..@ Statement substantiated by Scientists OVENS—GRAVITY— * BATHS—WATER— 
whose names will gladly be furnished on request. MECH OIL 
Provides stability and linear response over a wide range of @ STERILIZERS—HOT AIR @ STERILIZERS—STEAM | 
sensitivities for measurements of extremely low concentra- @ INCUBATORS WANE TENTED 


tions in Micro or Macro volumes of solution. 


Suitable for all fluorometric methods of analysis: Thiamin, Alli 
e wi i 

Riboflavin, Estrone, Estradiol, Folic Acid, Benzopyrene, Ata- 
brine, Porphyrins, Chlorophyll, drugs, oils, metal complexes, 
organic and inorganic compounds, etc. WRITE FOR COMPLETE CATALOG TO DEPT. U 


BULLETIN #803 


FARRAND OPTICAL CO., Inc. A 506 West 124th St. New York 27, N. Y. 


BRONX BLVD. and EAST 238th STREET > NEW YORK 70, N. ¥. 
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Laboratory Equipment 


POLYETHYLENE GRADUATED CYLINDERS 
Practically indestructible 


Seardy, lishrweiskt, unbreak- 

ree able Sobek ers of chemically 
inert lyethylene. Ideal for 
measuring solutions which at- 
tack glass. With flat base and 
pouring lip. 
10633T 

Capacity Subdividedto Each 

400 mi. 25 mi. $11.00 
1000 mi. 50 mi. 12.65 
bottles, 


akers Sunnels, 


NEWS 


OF THE 
MONTH 


STUDENT ANALYTICAL BALANCE 
Ideal for advanced instruction 


(Ainsworth Type LCB.) Rugged, accu- 
see. rapid. Capacity 200 gms.; sensitivi 
Yo mg. Chain and notched beam weig' 
to 1.1 gms. without fractional weights. 
Adjustable double magneticdamperss 


weighings. With black slate base and 
aluminum case.- 


NEOTEX MATTING 
Protects glassware, instruments 


Long lasting, open mesh matting of 
Du Pont Neoprene for sinks, drain- 

ards, shelves. Pre- 
vents breakage. Re- 
duces noise. Resists 
acids and chemicals. 
Easily cleaned and 
gles, 
green ” thic! 
openings. Width 27”. 
23351T 


ver 47.25 


DURACHRON TIMER 
Easy-to-read, 
rugged, accurate 


with 
4” diameter dial; dur- 


TRANSFORMER 
For precise voltage control 


This versatile Powerstat controls voltage 
for light, heat, sound, power, electronic 
equipment. Gives 
smooth control wi 

high and zero 
wave form distortion. 
Handles loads up to 1 
KVA. Variable output 


from to 135 7.5 
amps. For 115V, 50-60 
cy/AC. 

12371........$23.00 


able construction; re- 
Places expensive 
stopwatches. Ideal 
for straight timing, 
time-out 
an —— timing 
where elapsed time is 
read with sweep hand 
in motion and simul- 
taneously returned to 
zero to start another 
reading. 

27264T......$17.50 


INDUSTRIAL STEREOMICROSCOPE 

Three-dimensional magnifying 

pao & Lomb Model JKC.) Specifically 
esigned for production and quality con- 

trol. Provides true stereoscopic vision, 

adequate magnification, 

wide field of view, long 


in handy dispensing container 


_ Tygon Tubing in the two most common 
sizes is now available packed 50 ft. to a 
reel, in conve carton, Just 

out the soupiees footage and cut it off. 

ean, prevents waste. 

Tygon Tubing has many laboratory uses. 
It is translucent, flexible, non-oxi izing, 
non-toxic, and can steam sterili 
Stocked in sizes from 4% to 34-inch bore. 


23521T.... Size, inches 50 ft. carton 


Ye id. x 
Ya id. Vig Wall. 


WHAT DOES YOUR LAB NEED? 


Chemicals? Instruments? 
Glassware? You get widest 
choice of leading makes 
from your nearest WILL 
office-warehouse. Instru- 
mentation problem? Let 
our technical men give you 
an impartial recommenda- 
tion on equipment that will 
serve you best. Call us 
today! 


able 
with cross-arm or 
base! 


18448T....With single 
but without 


Order from your nearest WILL office- 
| warehouse. More dafa on these items 
| will be sent at your request. 


PHONE WRITE WIRE— TELETYPE 


WILL CORPORATION. ..... Rochester 3, 
WILL CORPORATION... ..New York 12, N. Y. 
WILL CORPORATION of Md.. Baltimore 1, Md. 
SOUTHERN SCIENTIFIC CO., INC.. Atlanta 1, Ga. 


BUFFALO APPARATUS CORP. . Buffalo 5, N. Lf 
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MODEL PR-1 


International Refrigerated Centrifuge 


The New International Model PR-1 Portable Refriger- 
ated Centrifuge embodies the many time-proven fea- 
tures found in previous models and, in addition, in- 
corporates important engineering improvements. The 
result is superior performance in the laboratory with- 


out increase in cost. 


A new type of temperature controller enables the user 
to pre-select the operating temperature within the Cen- 
trifuge chamber. Temperature is controlled within +1° C. 
and indicated on a calibrated dial. 


An autotransformer speed controller is provided with alter- 
nating current models, eliminating heating associated with 
the rheostat type of controller, and providing uniform, 
stepless speed control throughout the entire range. 


A new hinged panel provides easy access to all instru- 
ments and electric controls, thus facilitating maintenance. 


A hermetically sealed unit is substituted for the open 
type compressor heretofore used. This eliminates trouble- 
some vibration caused by the action of the compressor 
and minimizes the possibility of gas leakage. 


Interchangeable accessories are available in wider variety, 
enhancing the usefulness of the Centrifuge. 


Send today for new descriptive Bulletin RC-1952 containing complete details and current prices. 


INTERNATIONAL EQUIPMENT COMPANY 


1284 SOLDIERS FIELD ROAD, BOSTON 35, MASS. 
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Air Outlet 


ab 


Chamber Bottom — 


2 inch thick 
Glass Wool 
Insulation 


3 Heating 
Elements outside 
of Chamber 
Raised usable 
lower shelf 


Thermostat 


~“Control Knob 


Automatic 
Anticipator Control 


Sealed Capsule 
ermostat 


Fresh Air Inlet 


Temperature re- 
corder chart of 
the oven shows 
the close control 
—within + 0.5°C. 


Get Constant, Uniform 
Heat Distribution «24 


The Fisher Isotemp Oven is a well-constructed, gravity- 
convection oven that provides both constant temperatures 
and uniform heat distribution throughout the entire oven 
chamber. The temperature within the oven can be set for 
any degree within the range of 35° to 200° C. and a sensitive 
thermostat maintains the temperature of the oven chamber 
within +0.50 C. 


Isotemp oven chambers are Constructed entirely of heavy 
sheet aluminum. A safety door latch releases automatically 
should any abnormal pressure be built up in the chamber. 
The interior is corrosion-resistant and the exterior is attrac- 
tively finished in smooth gray and black hammertone. 


3 MODELS AVAILABLE 


Forced Draft Model.. Chamber 10%” wide, 12” high, and 122" deep 
Regular Model... Chamber 12” wide, 12” high and 122” deep 
Senior Model ... Chamber 18” wide, 18” high and 15” deep 


AVAILABLE FROM STOCK FOR IMMEDIATE DELIVERY 


Complete stocks of laboratory instruments, apparatus, reagent chemicals, 
furniture, and supplies at PITTSBURGH, NEW YORK, ST. LOUIS, 
WASHINGTON, MONTREAL and TORONTO. For more information 
write: Fisher Scientific Co., 717 Forbes St., Pittsburgh 19, Pennsylvania 
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